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138. EFFECT OF BREED, SIZE OF COW, YIELD OF 
MILK AND STAGE OF LACTATION UPON 
EFFICIENCY OF MILK PRODUCTION 


By JOSEPH. EDWARDS 
Animal Nutrition Research Institute, School of Agriculture, 
Cambridge University 


(With 1 Figure) 


In comparing the efficiency with which cows of the same breed or of different 
breeds convert food into milk nutrients it is desirable to standardize for live 
weight, quantity and quality of milk. The “gross efficiency” of a cow—the 
term used by Brody & Procter(2)—is the ratio of energy in the milk to the 
energy in the digestible nutrients consumed. The latter can be calculated 
from the amounts of maintenance and production rations fed. The energy 
value of the nutrients returned in the milk might be found by the direct 
calorimetric methods; but it has been shown by Gaines that this figure can 
be estimated with sufficient accuracy if the weights of the milk and fat pro- 
duced are known. There is a very high positive correlation between the fat 
content of the milk and its energy value and also a positive, though lower, 
correlation between fat per cent and solids-not-fats. 

The formula evolved by Gaines (4) by which milks of different fat contents 
can be standardized on a basis of equal energy as “4 per cent milk” or 
“Fat-Corrected-Milk” is: 

F.C.M.=0-4M + 15F, 
where M=milk in pounds and F = fat in pounds or 
F.C.M.=M (0-4+ 15), 


where M =milk in pounds and f=average fat per cent. The formula has been 
tested against both estimates of the energy content of milks of different fat 
per cent and solids-not-fat, and calorimetric assays(1,5,8), and has been 
shown to be accurate enough for all practical purposes. One pound F.C.M. 
has a combustion value of 340 Calories. 


MATERIAL 
Each year at the London Dairy Show cows of all breeds entered in the 
milking trials are weighed and their milks are recorded over a period of 2 days 
and tested for solids content. For the years 1922-34 there are 2400 such 
records. A comparison of dairy breeds based upon such data is open to many 
criticisms. In the first place the records are for a test of very short duration 
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and one which, as is well known, bears small resemblance to the lactation 
records. The animals entered are highly selected; and feeding may digress 
considerably from normal rationing practice. 

In defence of the data it may be said that the cows, if they are not typical 
of their breed, are typical of the best of their breed, and that, therefore, the 
comparison afforded is about as fair as it can be. All are being weighed, 
milked, recorded and tested under the same conditions. The daily records— 
in most cases those of cows at the period of maximum production—may here 
not be so misleading; there is a lack of correlation, rather than a negative 
correlation, between maximum daily yield and lactation yield; and persistency 
of lactation is an individual, as well as a breed, characteristic. If a cow is 
being fed above requirements there is no reason to believe that her efficiency 
index will thereby be increased. (It would, of course, be decreased if it were 
being calculated from the actual quantities of food fed; but by the method 
employed the efficiency of a 1200-lb. cow giving, for example, 6 gallons of 
4 per cent milk is the ratio of the nutrients in this milk to the nutrients 
theoretically required for its production and for her maintenance.) 


TREATMENT OF MATERIAL 


For each cow, classified according to her breed, particulars of live weight, 
number of days since calving and the daily yield of milk and total fat (an 
average of the two-day tests) were obtained. Animals in milk more than 
150 days were excluded. Subclasses were made for cows and heifers and for 
animals milked twice daily! and thrice daily. From the average milk yield 
and fat per cent for each group the amount of “4 per cent” or “fat-corrected 
milk” was found, and from this figure and the average live weight for the 
group the efficiency index was obtained from tables drawn up by Brody & 
Ragsdale (3). Tables I and II contain summaries of the information collected. 
Breeds are arranged in order of gross efficiency (see last column in each table). 


BREED EFFICIENCY INDICES 


A breed comparison by efficiency indices reveals in most striking fashion 
the fact that, at least between the best representatives of each breed, there 
is not a great difference in the ability with which they are able to convert 
feed nutrients into milk nutrients. Among cows milked thrice daily, for 
example (Table I), there is a breed range between lowest and highest of 
206-1 per cent for live weight (747-1540 lb.), 217-0 per cent for milk yield 
(33-6—-72-9 lb.), and 133-0 per cent fat (3-76-5-00) ; and yet the highest efficiency 
index is 42-5 per cent and the lowest (excluding a breed represented by only 
six cows) 37-0 per cent. The Ayrshire, Jersey, British Friesian, Guernsey, 
Dairy Shorthorn and Red Poll breeds all have efficiency indices between 40:0 
and 42-5 per cent, and it is interesting to note that the four purely dairy breeds 


1 Twice-daily milking was discontinued after the 1932 Show. 
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Table I. Gross efficiency of dairy cows on test at 
London Dairy Show, 1922-34 


No. of Interval Average Average Average Fat- Gross 

times since live weight weight corrected __ effi- 
milked No.of calving weight of milk of fat Fat milk ciency 

Breed daily records days lb. lb. lb. % lb. % 
Ayrshire 103 30:1 1226 66-73 2-82 4-23 69-07 42-50 
43 35-2 1168 53°70 2-30 4-29 56-12 40-00 
Jersey 72 83-5 902 44-60 2-23 5-00 51-29 41-25 


lm 
131 87-3 870 36-40 1-87 5-15 42-66 39-00 
134 38-1 1409 72:89 2-74 3°76 69-97 41-00 
89 47-2 1383 58-60 2-11 _ 3-60 55-08 37-50 


British Friesian 


Guernsey 63 64-8 1042 49-50 2-18 4-40 52-50 40-25 
64 71-2 988 35-70 1-68 4-71 39-45 35-75 

Dairy Shorthorn 140 41-5 1338 61-54 2-50 4-07 62-28 40-00 
236 39-7 1342 48-52 1-97 4-06 48-86 36-25 

Red Poll 93 52-0 1218 56-64 2-33 4-12 57-49 40-00 
72 47-2 1157 47-49 1-85 3°89 46-78 37-50 

Kerry 15 65-9 922 43-08 1-96 4-56 46-61 39-75 


4] 55-2 945 39-90 1-69 4-23 41-30 38-00 


WwlrwnNeAaedWwnmwnrwneWwwnNTnw yw wow bow 


Lincoln Red 36 41-2 1409 59-21 2-33 3-94 58-62 38-50 
42 45:1 1389 52-67 2-05 3-90 51-88 36-75 

South Devon 68 55-6 1540 54-69 2-48 4-54 59-17 37-50 
12 51-0 1536 47-89 2-28 4-76 53-25 36-00 

Welsh Black 12 42-8 1208 48-37 1-95 4-03 48-37 37-25 
8 57:7 1195 42-08 1-73 4-10 42-71 36-00 

Dexter 17 77-7 747 33°62 1-35 4-02 33-62 37-00 
20 92-9 750 31-11 1-22 3-92 30-64 35°75 

Devon 3 6 66-0 1383 44-28 2-26 5-11 51-59 36-75 
2 25 39-9 1241 43-83 1-95 4:46 46-81 36-50 


come first and that the two dual-purpose breeds, Dairy Shorthorn and Red 
Poll, are exactly equal (efficiency index 40-0 per cent). Some allowance must 
be made for the fact that cows of the Jersey and Guernsey breeds have been 
in milk longer than those of the Ayrshire, British Friesian, Dairy Shorthorn 
or Red Poll breeds (86 and 65 days compared with 36, 38, 41} and 52 days); 
with the same “interval since calving” they would probably have a slightly 

‘ higher index. Among cows milked twice daily there are ranges in live weight, 
milk yield and fat per cent similar to those for cows milked thrice daily, and 
the difference between the highest and the lowest breed efficiency index is 
4-25 per cent (35-75-40-00 per cent). The order in which the breeds arrange 
themselves is not very different from that based upon thrice-daily records, 
and the differences are too small to investigate for a possible physiological 
explanation. 

As is to be expected, the efficiency indices based upon heifer records 
(Table II) are lower than those of cow records. (It will be remembered that 
differences in live weight have been allowed for.) Growth of the animal body 
is not yet complete, and the theory that growth processes are still competing 
with lactation for the available anterior pituitary hormones may explain 
the lower heifer efficiency index. It is possible also that the mammary gland 
is, in actual size, smaller in proportion to live weight in the heifer. Yet here 
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Table II. Gross efficiency of dairy heifers on test at 
London Dairy Show, 1922-34 


No. of Interval Average Average Average Fat- Gross 

times since live weight weight corrected _effi- 
milked No.of calving weight of milk of fat Fat milk ciency 

Breed daily records days lb. lb. Ib. % Ib. % 
Jersey 3 34 64-7 770 34-91 1:77 5:07 40-67 39-75 
2 93 71:3 756 27-29 1-43 5-23 34-56 37-50 
Ayrshire 3 83 30-7 1062 46-38 1-94 4-18 47-77 38-75 
2 46 30-7 1057 39-19 1-72 4-38 41-54 36-50 
Guernsey 3 22 85-9 889 36-66 1-74 4-74 40-95 38-25 


2 30 55:8 866 30-04 1-40 4-66 32-95 35°25 


Dexter 3 6 64-3 537 24-95 1-00 4-01 24-95 37-00 
2 15 77-6 564 20-59 0-95 4-62 22-44 34-75 
British Friesian 3 55 38-2 1231 48-70 1-83 3°75 46°85 36:50 
2 20 46-5 1279 42-09 1-46 3°46 38-60 34-00 
Dairy Shorthorn 3 85 42-1 1067 41-35 1-60 3°88 40-73 36-00 
2 128 44-5 1133 33-30 1-37 4:13 33-80 33-00 
Red Poll 3 51 51-7 1074 38-70 1-63 4-20 39-86 36-00 
2 35 52-4 1090 32-95 1-38 4-20 33-94 33-25 
Lincoln Red 3 28 35:3 1146 43-07 1-67 3°87 42-42 36-00 
2 36 32-5 1137 37-29 1-61 4:31 38-97 35-00 
South Devon 3 18 44-6 1293 40-24 1-89 4-71 44-47 35-50 
2 8 36:3 1287 30-29 1-46 4-83 33-92 31-50 
Kerry 3 8 66-0 791 29-54 1-19 4-03 29-54 35-00 
2 21 56-0 762 23-58 0-98 4-16 24-10 32-00 


again breed differences in gross efficiency are extremely small—a range of 
36-0-39-75 per cent—and among heifers milked thrice daily the same six 
breeds are grouped at the top. (The Dexter breed, represented by only six 
heifers, is among them.) Ayrshire and Jersey exchange the first position and 
the two dual-purpose breeds are again exactly equal. 

Table III shows the relationship between the gross efficiencies of cows 
and heifers based upon the average indices for the ten breeds which are repre- 
sented by cows and heifers milked twice and thrice daily. It will be seen that 


Table III. Comparison of gross efficiency of cows with heifers 


No. of No. of times Gross 
Item animals milked daily efficiency Ratio 
Heifers 390 3 36°87 - 
Cows 741 3 39.78} ee 
Heifers 432 2 34-27 a 
Cows 750 2 37-25 } 100/108-7 


the efficiency index for “cows” is about 8 per cent greater than that for 
“heifers”. This is, of course, based upon daily records. The contrast for 
lactation periods cannot be found for the present data; the fact that the 
lactation yields of mature cows are 20-30 per cent greater than their yields 
as heifers is well known. But in the present case in which the gross physio- 
logical efficiency is being calculated the fact that mature cows weigh more 
than heifers is responsible to some extent for the smaller difference. 

By a rearrangement of the data in Table III the effect of an extra milking 
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per day can be shown. The ratio of the efficiency indices for cows milked twice 
daily to cows milked thrice daily is 100:106-79, and for heifers 100: 107-59. 
The fact that physiological efficiency can be increased by an additional milking 
suggests that the capacity of the udder (reflected in udder pressure) may have 
a limiting effect upon the general milk-secreting stimulus. 


J. EDWARDS 


INFLUENCE OF LIVE WEIGHT WITHIN THE BREED 


Although it may be true that a “big” cow is necessary for a “big” record 
it does not follow that the big cow is therefore more efficient in her utilization 
of foodstuffs. The relationship between live weight and gross efficiency within 
the breed has been calculated from the data by grouping cows and heifers by 
100 lb. live-weight classes and calculating the efficiency for each class. To get 
maximum numbers for each breed thrice- and twice-daily records have been 
lumped; there is no evidence of any difference between them in their distri- 
bution by live-weight classes. (No class contains fewer than ten cows.) The 
results are summarized in Table IV. It will be seen that in the great majority 


Table IV. Influence of live weight within the breed upon gross efficiency 
A. Cows 





Live weight 
Ib. 


600- 699 
700- 799 
800- 899 
900- 999 
1000-1099 
1100-1199 
1200-1299 
1300-1399 
1400-1499 
1500-1599 
1600-1699 
1700-1799 


Live weight 


500- 599 
600- 699 
700- 799 
800- 899 
900- 999 
1000-1099 
1100-1199 
1200-1299 
1300-1399 


Dexter 
37-50 
37-25 
35-25 


Dexte 
36°25 


Jersey (Guernsey 


40-25 
40-50 
39-75 
39-25 


r 


11-00 
38-25 
37-50 
39-50 


Jersey 


38-25 


Guernsey 


Red 
Kerry Poll 
38-50 
39-25 
37-50 


Short- 
horn 


B. Heifers 


37-00 33-00 
36-50 _ 
36°25 - 


Kerry 


Short- 
horn 


Ayr- 
shire 
10-50 
41-50 
41-50 
41-25 


Red 
Poll 


36-50 
35-25 
33-75 


British 


Friesian Albion 


||| 


40-25 
40-50 
40-00 
39-00 
39-00 


Ayr- 
shire 


Blue 


ow 
= 
on 
& 
S 
= 


ll Id 


British 
Friesian 


36°75 
36-50 
34-75 


Devon 


ou 


South 
Devon 


37-25 
38-25 
36-50 
37-00 
38-00 


South 
Devon 








of cases where there are four or more weight classes within the breed there 
is a slight but regular decrease in efficiency both with cows and heifers with 
increase in live weight. Milk yield increases with live weight (fat per cent 
remains fairly constant), but the increase is not great enough to balance the 
greater maintenance requirements. This is in keeping with the findings of 
Brody & Procter(2) and contrary to those of McDowell (6) (“within the breed 
the large cow excels”), although the former investigators tend to favour the 
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theory of Kleiber, that efficiency of milk production is independent of live 
weight. They say, “while it is undoubtedly true that gross energetic efficiency 
of milk production decreased somewhat with increasing size of cow, we believe 
that this decrease was not due to size as such but to other factors, the most 
important of which was the tendency to increasing overfeeding and fatness 
with increasing body size”. This question of overfeeding and fatness for the 
heavier cows hardly applies to the present data; all animals are in approxi- 
mately equal state of fitness—Dairy Show condition. Yet it is difficult to 
understand why increase in size should be accompanied by a decrease, however 
slight, in gross efficiency. Between breeds where, as has already been noted, 
differences in live weight are as great as within a breed, there is no correlation 
between live weight and efficiency. 

There are two possible explanations: 

(1) The theoretical maintenance requirement for the heavier animals may 
be too high; in the formula used by Brody & Procter it is assumed that it 
varies with the 0-73 power of body weight—a function greater than that used 
in the majority of feeding standards. But the terms “heavy” and “light” 
are only relative terms, and the decrease in efficiency with increase in size 
appears in “small” breeds as well as in “large” breeds, although the “heavy” 
animals of the former may weigh less than the “light” animals of the latter. 

(2) It is more likely, therefore, that within a breed, although all the 
animals are in good condition, the big animals carry more fat in proportion 
to their size than do the small animals. Since fat tissue requires less main- 
tenance than muscle tissue the maintenance requirements of the heavier 
animals, here calculated on actual live weight, will be rather high and the 
apparent efficiency will therefore be lowered. If such is the case it may well 
be that size is independent of efficiency. 

The point is not one likely to cause much concern in practice. Very large 
quantities of milk and fat can be got only from large cows; and the cost of 
housing and looking after a large number of small cows in place of a small 
number of large cows would tend to cancel out any advantage in efficiency 
possessed by the former. 


EFFECT OF YIELD OF MILK ON EFFICIENCY 

Within a breed, and provided live weight remains fairly constant, the 
efficiency index is bound to increase with increase in milk yield. The exact 
relationship can be examined by arranging the data by yield classes as is 
shown in Table V; the Dairy Shorthorn (including Lincoln Red Shorthorn) 
breed is used as an example. 

It will be seen that live weight increases with increase in milk yield but 
at a much slower rate; fat per cent does not vary much. The result is a steady 
increase in gross efficiency from 32-50 per cent for cows yielding about 35 lb. 
milk daily to 41-50 per cent for cows yielding about 75 lb. Similar data for 
the other breeds are summarized in Table VI. 
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Table V. Relationship between yield of milk and gross efficiency 
(Dairy Shorthorn breed) 


yield of milk within a breed 


A. Cows 


Gross efficiency of breeds (%) 


Daily weight Live Fat-corrected Gross 
of milk No. of weight Fat milk efficiency 
lb. animals lb. a Ib. 
30-0-39-9 36 1309 4- 25 37-90 32-50 
40-0-49-9 131 1340 4-18 46-87 35-50 
50-0-59-9 153 1338 3-92 54:21 37-75 
60-0-69-9 87 1380 3°99 64-23 40-00 
70-0-79-9 30 1413 3-9 73-51 41-50 


Table VI. Summary of gross efficiency of dairy breeds according to 





Weight of ; 

















milk Red  Short-  Ayr- British South Welsh Blue 
Ib. Dexter Guernsey Jersey Kerry Poll horn shire Friesian Devon Devon Black Albion 
20:0-29-'9 33-75 32:50 = 35-50 — — — — — — — = 
30-0-39-9 37-75 36-00 39-25 36-75 34-50 32-50 — — - — _ 
40-0499 a 39-75 41-250 389-75 337-75 35-50) 38:00) 34:50 = 86-25-8550 = 36-50 = 
50-0-59-9 — 11-00 = 42-25 — 39:50 37-75 = 40-75 337-25 -- 37-75 <= 38-75 
60-0-69-9 — — - — $1-00 40:00 = 41-50 9-2¢ — 39-75 _— — 
10-0-79-9 _ -- os — — 11-50 9 42-75 41-25 = — = = 
80-0-89-9 =< Z = - _— — 14-25 12-25 nae 
90-0-99-9 ~ —_ — — — — — 14-50 - - - — 
B. Hevfers 
Gross efficiency of breeds (°%) 
Weight of > Ss So eS —, 
milk Red Short- Ayr- British South 
Ib. Jersey Dexter Guernsey Kerry Poll horn shire Friesian Devon 
10-0-19-9 31-75 — a — — — — — —_— 
20-0-29-9 36-00 35-50 32-50 33-50 30-25 29-25 - — — 
30-0-39-9 39-50 — 37-25 — 34-25 33-75 35-75 31-75 33-50 
40-0-49-9 41-75 — --- _- 37-75 36-75 38-50 35-25 — 
50:0-59-9 a = ae — 39-25 39-75 37-75 _ 


It is obvious from the results in this table that yield of milk within a breed 
has a much greater effect upon gross efficiency than either breed itself or size 
within a breed. Let us take the British Friesian breed as an example. The 
range between cows yielding 45 lb. milk and those yielding 95 lb. is 10 per cent 
in gross efficiency (34-5-44-5 per cent), and yet the greatest difference due to 
increasing size within the breed is 1-5 per cent (Table IV), and the difference 
between the six chief dairy breeds 2-5 per cent (see Table I). By reading across 
Table VI the differences in breed efficiencies at a given level of production 
can be seen. For example, cows at the London Dairy Show giving 55 lb. milk 
have the following efficiency indices according to breed: Ayrshire 40-75 per 
cent, British Friesian 37-25 per cent, Guernsey 41-00 per cent, Jersey 42-25 
per cent, Red Poll 39-50 per cent, Shorthorn (including Lincoln Red) 37-75 
per cent. 

INFLUENCE OF STAGE OF LACTATION 

There remains the consideration of the influence of advance in lactation 
upon gross efficiency of milk production. For this purpose some results of a 
study now in progress of 1176 Register of Merit records of the English Jersey 
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Cattle Club can be used. These data are grouped in Table VII by days-since- 
calving intervals of 30 days; the fact that there is not a fat test for each of 
the 1176 records each 30 days is a drawback, but there are sufficiently large 
numbers within each group—an average of 700 tests—to give reliability to 
the composite picture. 

It will be seen that the maximum daily yield of milk occurs shortly after 
parturition and declines steadily afterwards. The amount of fat secreted in 
the milk is, in the beginning, in almost direct proportion to the quantity of 
the milk; later, however, the rate of decline is less rapid than that of the milk, 
a fact which is reflected in the steadily increasing fat per cent figure. The effect 
of advance in lactation upon the actual energy value of the milk secreted can 
be found by converting to “fat-corrected milk”; the column “F.C.M.” in 
Table VII gives the quantities of milk of comparable energy content. Yields 
of milk and fat-corrected milk are plotted in Fig. 1. 
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Fig. 1. Effect of advance of lactation upon yield of milk 
and fat-corrected milk. 


Because in all cases the fat content of the milk is greater than 4 per cent 
the F.C.M. values are all higher than the actual milk values. It will be noted 
(see graph) that the rates of decline are nearly parallel; with advance in lacta- 
tion there is a change in the composition of the milk, and yet the decline in 
the total energy of the milk secreted follows at a higher level the same course 
as the decline in the actual volume of the milk. (If the amount of fat secreted 
fell off at the same rate as the amount of milk, 1.e. if the fat per cent remained 
constant over the lactation, the energy value of the milk would decline at a 
more rapid rate than the total volume.) The inference is that the rate at which 
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either the volume of the milk or the energy value of the milk secreted declines 
is a measure of the decreasing stimulus (acting through the mammary gland) 
of the lactogenic hormones. 

To estimate the effect of advance in lactation on the gross efficiency of 
milk production it is necessary with these data to fix an arbitrary figure for 
the live weight of the cows. (There are no records of their weights in the 
R.O.M. tests.) The weight of 8341b. has been chosen—the average of the 
330 cows and heifers weighed at the London Dairy Shows. It is also necessary, 
for the purpose of calculation, to assume that this live weight does not alter 
with change of lactation. The gross efficiency indices are given in the last 
column of Table VII. There is a steady fall in efficiency from 38-75 per cent 
during the first month after calving to 29-25 per cent at the tenth month. 
As the index is a measure of the cow’s ability to convert feed nutrients into 
milk nutrients this fall represents the decline in her ability to do so. The 
decline is not associated with any change in live weight—cows properly looked 
after do not vary greatly with stage of lactation—but with a gradual reduction 
in the amounts of hormones responsible for the activity of the cells of the 
mammary gland and lactation in general. 
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Table VII. Effect of stage of lactation upon yield, fat per cent and 
gross efficiency of milk produced 


Daily milk Daily Efficiency 
Days since No. of yield fat F.C.M. index 
calving tests lb. % lb. % 
0- 30 406 35-80 4-84 40-10 38°75 
3l- 60 690 35°31 4-80 39-55 38-25 
61— 90 713 33-21 4-85 37-69 37-75 
91-120 746 30-50 4-96 35:07 36-50 
121-150 772 28-04 5-04 32-25 35-50 
151-180 730 26-35 5-13 30-70 - 34-50 
181-210 765 24-31 5:25 29-05 34-00 
211-240 798 22-33 5-32 26-68 32-50 
241-270 795 20-18 5:47 24-72 31-25 
271-300 794 18-28 5-58 22-67 30-00 
301-330 467 17-04 5-68 21-39 29-25 
Discussion 


The most striking fact about the influence of breed upon the gross efficiency 
of milk production is that it is so small. Breeders shaping the destinies of 
their respective breeds have produced cattle the best representatives of which 
to-day are very much alike in their abilities to convert digestible nutrients of 
foodstuffs into milk nutrients. The lactation stimulus in the various breeds 
has been bred approximately in proportion to the size of the breed. The way 
in which the stimulus is directed is, of course, another matter; in the Jersey 
breed, for example, the stimulus is directed to a large proportion of milk 
nutrients in the form of butterfat (high in energy), whereas in the Friesian 
breed the butterfat content is low. If both breeds possess similar efficiency 
indices the actual quantity of milk is bound to be smaller in the former case. 
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It cannot be too frequently emphasized that it is physiological efficiency 
which is here being discussed. Undoubtedly certain breeds excel for certain 
purposes and for production under certain conditions. It is possible to compare 
breeds—as Mackintosh has done, or from data in Tables I and II—for 
(1) butterfat production, (2) butterfat per cent, or (3) total milk production, 
but it is not possible to decide from any such rankings upon the “best breed”. 
The present method determines the “best” only in the physiological sense; 
factors of practical economic importance do not come into it directly. Because 
of this, and in view of the similarity of breed efficiency indices, it would be 
useless to discuss the superiority of any breed. 

Far greater differences in gross efficiency of production exist within a breed 
than between breeds. This has been shown in Table VI by daily yields; lacta- 
tion yields would probably emphasize the fact even more clearly. The aim 
within a breed is to increase the stimulus to produce by breeding for this factor 
of efficiency. This can be achieved only by selection. There can be no short 
cut of the kind commonly sought—that of crossing a breed high in fat with 
a breed high in milk yield. If the gross efficiencies of the two representatives 
are identical the production of the cross-bred animal will be a compromise— 
intermediate in milk and fat and with an efficiency index similar to its parents. 

This has been shown clearly in a cross-breeding experiment conducted in 
Denmark by Frederiksen, the results of which have been arranged by Gaines (4) 
in the following way: 


Percentage fat content of milk and feed consumption per pound of milk. Summary 
of ten years’ (1909-19) results of the Danish cross-breeding experiment, 
adapted from Frederiksen 


Breed of cows... Red Danish Cross-bred Jersey 
Number of cows 368 350 353 
Age of cows (years) 56 5:8 5:7 
Live weight per cow (Ib.) 1021 913 796 
Percentage fat content of milk 3°60 4-28 5-34 
Milk per cow per year (1b.) 7934 6389 5018 
Fat per cow per year (1b.) 286 273 268 
F:C.M. per cow per year (1b.) 7458 6657 6027 
F.C.M. per tb. live weight (1lb.) 7:30 7-29 7-57 
Feed units per lb. F.C.M. 0-413 0-413 0-412 


It will be noted that although the cross-bred animals differed from the 
parent races in live weight, milk yield, total fat and fat per cent, yet the feed 
units they consumed per pound of 4 per cent (F.C.M.) milk were practically 
identical. 


SUMMARY 


The records of 2400 cows on test at the London Dairy Show between the 
years 1922 and 1934 have been examined for the relationship between the 
gross physiological efficiency of milk production and the factors of breed, size 
of cow within a breed, actual yield of milk and stage of lactation. (“Gross 
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Efficiency” is here the ratio of energy in the milk to the energy in the digestible 
nutrients consumed.) 

(1) It is shown that among the best representatives of the various dairy 
breeds there is little difference in gross efficiency of milk production. The 

s lactation stimulus has been bred approximately in proportion to the size of 

the breed. 

(2) Cows, in spite of their greater weight, are more efficient than heifers, 
and animals milked thrice daily than those milked twice daily. 

(3) Within the breed there is a slight though definite tendency for gross 
efficiency to decrease with increase in live weight. 

(4) Greater than any of the foregoing differences in gross efficiency is that 
which exists within a breed due to differences in actual milk yield. 

(5) Stage of lactation has also much to do with gross efficiency. There is s 
a steady decline in efficiency with advance in lactation from 38-75 to 29-25 
per cent. 



























I am grateful to Mr K. F. Preston for his help in abstracting and adapting 
the London Dairy Show records. 
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1389. A COMPARISON BETWEEN BLOOD MEAL AND 
WHEAT GLUTEN AS A SUPPLEMENT TO A LOW 
PROTEIN DIET FOR DAIRY COWS 


By 8. BARTLETT 
National Institute for Research in Dairying (University of Reading) 


THE ration standards for dairy cows most commonly recommended in this 
country are: for maintenance, 6 lb. starch equivalent (including 0-6 lb. protein 
equivalent) daily per 1000 lb. live weight; and for production of milk, 2-5 lb. 
starch equivalent (including 0-6 lb. protein equivalent) per 10 1b. milk, con- 
taining 3-7 per cent fat (1). A number of authorities have suggested that these 
standard diets are unnecessarily high in protein 2, 3), and others(4) have drawn 
special attention to the need for considering quality as well as quantity of 
protein. 

Morris & Wright(5,6,7) tested the biological values of the proteins of 
various foods for milk production and concluded that the limiting factor 
tended to be the lysine content of the various proteins. They suggested the 
following minimal lysine requirements for dairy cows: for maintenance 4 g. 
lysine per 1000 lb. live weight(s) and for milk production 10g. lysine per 
10 lb. milk. There is little doubt that until very recently the methods of lysine 
determination, particularly in the mixed proteins of a foodstuff, have left 
much to be desired in reliability and accuracy. In the absence of more de- 
pendable figures determined by more satisfactory methods for the true lysine 
content of a wide range of foodstuffs, the figures published by Morris(7) have 
been utilized in this paper. Taking also the minimal lysine “requirements” 
for dairy cows given by Fowler et al. (9), the present position from the practical 
point of view is that, provided the accepted standards for protein are fed to 
animals, there is little if any danger of the daily intake of lysine by a dairy 
cow being less than its requirements. If, however, appreciably lower protein 
standards are used and the ingredients of a ration are poor in lysine, the intake 
of this amino acid may fall below the requirements, and, if deficiency occurs, 
its effect would tend to be more pronounced in young growing cows and heavy 
yielders. An experiment was therefore carried out to test whether the ill 
effects of lysine deficiency noted by Morris & Wright were of importance 
under practical English feeding conditions. Two groups of milking cows were 
fed on a diet of common farm foods of low lysine content, and a comparison 
was made of the effect on milk yield and live weights of the addition of small 
quantities of protein supplements—one poor and the other rich in lysine. The 
two supplements chosen were wheat gluten, containing about 0-5 per cent of 
the total nitrogen as lysine nitrogen, and blood meal, containing over 11 per 
cent of the total nitrogen as lysine nitrogen. 
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DESCRIPTION OF EXPERIMENT 


Ten Shorthorn cows were used and divided into two groups by pairing 
and then allocating by lot, one cow from each pair to a group. 
The maintenance ration of all cows per 1000 lb. live weight was: 


Meadow hay ... wie ‘ie 4 lb. 
Chaffed oat straw... des 6 lb. 
Mangels ‘5 “i a 42 lb. 
Maize gluten feed __... as 1 lb. 


The special features of this ration were the large proportion of straw used 
and the low protein content of the hay, viz. 6-4 per cent. Hay is much richer 
in lysine than straw, and Miller(o), who analysed several varieties of forage 
plants and grasses, found values from 4-5 to 5:3 per cent of lysine nitrogen 
expressed as a percentage of the protein nitrogen. Average quality hay, 
therefore, supplies ample lysine, but when due allowance is made for the low 
protein value of the hay used in this experiment, the ration noted above 
supplied approximately 5-5 lb. starch equivalent, 0-52 lb. protein equivalent, 
and 6g. lysine. The nutrients supplied were slightly lower than the usual 
standards, but the lysine even in this poor ration was in excess of Morris & 
Wright’s standards by 2g. Since the experimental cows were young their 
lysine requirements for maintenance and growth would be rather more than 
the 4 g. suggested by Morris & Wright for mature cows. Therefore it is unlikely 
that the 6 g. supplied by the ration provided much excess over actual main- 
tenance requirements. 

The production ration consisted of cubes made from the following in- 
gredients in the following percentages: 


Decorticated ground nut cake ‘on a 12-6 per cent 
Maize meal... Sud ree “ wd 37-8 ‘s 
Wheat offal (pollards) re ue oe 37-8 s 
Molasses ae i oe si aay 9-8 - 
Salt mixture ... 2-0 


One lb. of the cubes supplied 0-6 lb. starch equivalent, 0-12 lb. protein . 
equivalent and about 2-24 g. lysine. 

Each pound of the cubes was supplemented, either by 10 g. of wheat gluten 
containing 78-7 per cent of crude protein (N x 6-25) and approximately 62 per 
cent protein equivalent or by 9-2 g. of blood meal, containing 78-7 per cent 
of crude protein and about 66 per cent protein equivalent. 

The amount of the cubes fed to each cow was | |b. per day for each 3 lb. 
of milk yielded per day during the week preceding the experiment. No change 
in quantity of cubes was made after the experiment was started, and, since 
the milk yield gradually decreased, the quantity of cubes fed per gallon of 
milk increased. The extent of this change, together with the nutrients supplied 
per gallon, is given in Table II. 
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The protein supplements supplied during the four periods of the experi- 
ment were as follows: 


Preliminary period Ist experimental 2nd experimental 3rd experimental 


of 2 weeks period of 3 weeks period of 3 weeks period of 3 weeks 
Group a Mixed blood meal Blood meal Wheat gluten Blood meal 
and wheat gluten 
Group b Mixed blood meal Wheat gluten Blood meal Wheat gluten 


and wheat gluten 


The intervals and periods at which records were made were as follows: 

Foods and milk yields were weighed daily; milk fat and solids-not-fat for 
each cow were determined in samples of the whole of the milk yield of 3 days 
in each week, milk nitrogen and chlorides on 1 day per week; live weights of 
the cows were taken on two consecutive days at the beginning of the experi- 
ment and at the end of each experimental period. 

Milk protein was determined by the method of Moir(11), chlorides by the 
method of Davies(12), and solids-not-fat by the method of Golding (13). 


RESULTS 


In Table I are given the amount of food, the live weights and the milk 
yields of individual cows during each experimental period, excluding the week 
following each change-over in protein supplement. 

The group averages of the intake of food nutrients, and the yield and 
composition of the milk during each experimental period are given in Table II. 

The starch equivalent and the protein equivalent supplied to each group 
during the preliminary period were 2-32 and 0-46 lb. per gallon respectively. 
These amounts increased slightly during subsequent periods, but the increases 
were almost identical for each group of cows, and throughout the experiment 
the protein intake was lower than the standard of 0-6 lb. per gallon of milk. 
The important difference in the rations of the two groups is shown in the 
lysine intakes. These were identical during the preliminary period, viz. 10-3 g. 
lysine per gallon of milk produced. During the experimental periods the two 
groups were changed over twice, the “low lysine” group receiving from 9-9 to 
10-8 g. of lysine per gallon of milk and the “high lysine” group about 20 per 
cent more. Therefore the wheat gluten group was, according to Morris & 
Wright’s standards, on a low, but not a lysine-deficient diet, while the group 
on blood meal received a reasonable surplus. 

The milk yields (shown in Table I) were remarkably similar on the two 
diets, the average daily yields during the three periods on blood-meal supple- 
ment being 24-8 lb., and on the wheat gluten supplement 24-7 lb. per day. 
A more critical test of the results was made by comparing the decreases in 
yield during each period, i.e. yield during the week preceding each period 
minus the yield during the last week. This showed that the cows receiving 
the wheat gluten supplement gave a greater decrease in 3 weeks than the 
blood meal group by 0-53 Ib. + 0-88 per cow. The advantage in favour of the 




















Table I 


Live weight of cows 
A 
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Daily End of Endof_ End of 
Serial ration Ist 2nd 3rd Ist 2nd 3rd 
no.and No. of of pro- experi- experi- experi- Pre- experi- experi- experi- 
group _— calves duction mental mental mental liminary mental mental mental 
letter pro- Date of last cubes Initial period period _—period period period __ peri period 
of cows duced calving lb. lb. lb. lb. lb. lb. lb. lb. lb. 
la 2 14. xi. 35 15 1249 1232 1217 1210 41:3 37-1 32-5 29-8 
2a ] 19. x. 35 10 1196 1157 1162 1176 25-0 24-2 22:8 22-4 
3a 1 25. x. 35 10 1118 1082 L094 1144 24-8 23-9 22:8 22:5 
4a L 30. x. 35 11 L073 10-44 1055 1090 28-9 26-6 24-4 24-6 
5a 1 7. ix. 35 8 1062 L060 1058 1100 20-1 20-8 19-8 19-2 
Means 10-8 1139-6 1115-0 = 1117-2 1144.0 = 28-0 26-5 24-5 23-7 
1b l 17. xi. 35 12 1337 1267 1287 1312 31-1 29-9 28-6 28-3 
26 l 30. x. 35 10 1266 1212 1220 1234 24:8 23-3 21-6 19-8 
36 l 19. xi. 35 9 1024 1008 1016 1032 24:3 23-7 22-5 215 
4h 1 3. xi. 35 11 1224 1178 1139 1162 30-4 27-3 34-9 26-0 
56 1 1. xi. 35 1] 1114 1043 1058 1042 263 24-7 23-5 22-8 
Means 10-6 1193-0 1141-0 11440 11564 27-4 25-8 24-2 23-7 
Mean group milk yields during blood meal periods are shown in heavy type. 
Mean group milk yields during wheat gluten periods are shown in italics. 
Table II 
Group a 
Experimental periods 
ats " 
Preliminary Ist 2nd 3rd 
period Blood Wheat Blood 
Protein supplement Mixed meal gluten meal 
Production ration per 10 lb. milk yielded: 
Weight of foods (1b.) 3°86 4-07 4-40 4-56 
Starch equivalent (Ib.) 2-32 2-44 2-64 2-74 
Protein equivalent (Ib.) 0-46 0-48 0-52 0-54 
“Lysine” (g.) 10-3 11-8 10-6 13-2 
Mean change in live weight per cow in — 24-6 2-2 26-8 
21 days (1b.) 
Milk: 
Mean daily yield per cow (Ib.) 28-0 26-5 24-5 23-7 
Percentage fat 3-56 3-61 3-61 3-59 
‘ solids-not-fat 9-04 8-97 8-98 8-99 
+ chlorides 0-082 0-079 0-084 0-085 
- protein 3-06 2-93 3-02 3-09 
Group b 
Experimental periods 
A 
i YY 
Preliminary Ist 2nd 3rd 
period Wheat Blood Wheat 
Protein supplement aes Mixed gluten meal gluten 
Production ration per 10 1b. milk yielded: 
Weight of foods (Ib.) 3°87 4-1] 4-38 4-47 
Starch equivalent (lb.) 2-32 2-46 2-63 2-68 
Protein equivalent (lb.) 0-46 0-49 0-52 0-53 
“Lysine” (g.) 10-3 9-9 12-7 10-8 
Mean change in live weight per cow in -—51-4 2-4 12-4 
21 days (Ib.) 
Milk: 
Mean daily yield per cow (1b.) 27-4 25:8 24-2 23-7 
Percentage fat 3-93 4-02 3-96 3-88 
m solids-not-fat 8-96 8-99 8-94 8-95 
” chlorides 0-080 0-076 0-078 0-080 
y protein 2-81 “{ 3-08 


Daily milk yields 
A 
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blood meal is thus extremely small and does not approach statistical signi- 
ficance. No significant differences between the two diets was reflected in the 
chemical composition of the milk. 

The reaction of the protein supplements on the live weights of the cows 
was determined by comparing the changes during each experimental period. 
The mean values given in Table II show that during the first experimental 
period the cows receiving blood meal lost, on the average, 24-6 lb. in 3 weeks, 
while those receiving wheat gluten lost 51:41b. During the second period 
both groups gained about 2 lb. per cow, and during the third period the blood- 
meal group gained 26-8 lb. while the wheat gluten group gained 12-4 lb. If 
the mean difference for the three periods is taken, an advantage is shown for 
the blood-meal supplement of 13-8 lb. per cow in 3 weeks. This difference is 
scarcely significant, but the odds are about 14 to 1 against it being due to 
chance. 

Effect of high-protein rations on milk yield 

Before the experiment was begun the cows were receiving a ration con- 
sisting of hay, mangels and a balanced mixture of concentrated food. It was 
observed that the introduction of the experimental ration caused a reduction 
in milk yield of fully 2-5 lb. per cow per day in addition to the normal lacta- 
tional fall in milk yield. The reduction may have been due to a variety of 
causes, such as the food becoming less palatable or iess digestible, owing to 
the replacement of hay by straw, the change in concentrated foods, or to the 
reduction in the protein ration. In order to test the latter point it was decided, 
after the completion of the main experiment, to increase the protein intake 
of half the cows, without serious alteration of the starch equivalent. This was 
done by replacing one-third of the production cubes with decorticated ground- 
nut cake. This increased the protein intake to approximately 1 lb. protein 
equivalent per gallon of milk. Comparison of the milk yields showed that the 
cows which received the low-protein diet decreased in milk yield by 0-45 lb. 
per day in 2 weeks, while those on the high protein decreased only 0-11 lb. 
per day in the same period. This difference between the two groups was not 
significant. During the following week the cows were allowed access to pasture 
by day, the straw was discontinued and low-protein concentrates supplied to 
all cows. Under these conditions there is little doubt that ample protein was 
supplied and the group previously receiving high protein yielded 3-1 lb. more 
milk per day while those previously on low protein yielded 3-4 lb. more milk 
per cow per day. Thus a slight advantage in milk yield is indicated for the 
high-protein diet. The result, however, is not significant, and it can be con- 
cluded that only a small fraction of the low yields during the main experiment 
would have been avoided by a higher protein diet. 
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SUMMARY 


1. A ration for dairy cows which supplied less protein than the recognized 
protein standards for milk production and contained less lysine than most 
rations normally used in English farming practice was selected. A comparison 
was then made between cows receiving this ration supplemented with (a) wheat 
gluten, a lysine-poor protein, and (b) blood meal, a lysine-rich protein. The 
addition of blood meal produced no measurable effect on the milk yields, but 
there was a small and almost significant advantage in the live weights of 
the cows. 

2. In a subsidiary experiment a large increase in the dietary protein pro- 
duced a very small and non-significant increase in milk yield. 


I wish to acknowledge the help I have received from Dr C. A. Ayre on 
chemical points, from Mr A. G. Cotton in controlling the rationing of the cows, 
and from Prof. H. D. Kay and Mr J. Mackintosh in advice and criticism. 

Thanks are also due to the Milk Marketing Board for contributing part 
of the cost of this experiment. 
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140. THE NUTRITIVE VALUE OF RAW AND PASTEUR- 
IZED MILK FOR CALVES. THE ASSIMILATION AND 
RETENTION OF NITROGEN, PHOSPHORUS AND 
CALCIUM 


By JANET H. BLACKWOOD, SAMUEL MORRIS 
AND NORMAN C. WRIGHT 


The Hannah Dairy Research Institute, Kirkhill, Ayr 
(With 1 Figure) 


PUBLISHED evidence regarding the effect of pasteurization on the assimilation 
and retention of nitrogen, phosphorus and calcium from milk is both frag- 
mentary and conflicting. The subject has been carefully reviewed by Stirling 
& Blackwood (1). It is remarkable to find that, although a number of investi- 
gations have been made in which dogs, pigs and human infants have been 
used as experimental subjects, calves have not been employed for this purpose. 
This is the more striking since it might be anticipated that any alterations 
induced in cow’s milk by heating would be most readily demonstrated on the 
young of the same species. 

The investigation described in this paper was intended to make good this 
omission. Three series of experiments are reported. In the first series several 
calves were fed on fresh and dried skim milk as well as on raw and pasteurized 
whole milk. The results obtained with these calves will be described elsewhere. 
In the second and third series only raw and pasteurized whole milk were fed. 


TECHNIQUE 


The calves—all males—were obtained from tuberculin-tested Ayrshire 
herds. They received their dam’s milk for at least 3 days and were then given 
raw milk up to the tenth day, the quantities being increased daily until they 
were receiving an amount equal to 10 per cent of their body weight. During 
this preliminary period they were housed in metabolism cages. The metabolism 
cages were constructed of wood and were provided with false bottoms which 
permitted the separate collection of urine and faeces. It was found in the 
first series of experiments that the calves tended to gnaw the exposed wood- 
work of the cages. This was therefore covered with sheet metal. 

At 10 days old the calves were placed on experimental diet. This consisted 
of either raw or pasteurized whole milk. Both types of milk were derived 
from a Grade A (T.T.) herd. The pasteurized milk was heated in a tinned iron 
container which was immersed in a large water-bath. The time taken for the 
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milk to reach pasteurizing temperature was roughly 20 min. The milk was 
held at 63-65°C. for 30 min., and was then cooled by immersing the container 
in cold running water. The time of cooling averaged 20 min. 

Throughout the experimental periods the milk was fed to the calves at 
the rate of 10 per cent of their body weight. The animals were weighed every 
6 days and the amount of milk adjusted accordingly. The milk was invariably 
fed at body temperature. 

Nitrogen determinations were made on the milk daily. For analysis of 
urine and faeces 2-day collections were used. Aliquot portions of milk, urine, 
and faeces were set aside each day. These were combined at the end of each 
6-day period and used for phosphorus and calcium determinations. 


DISCUSSION OF RESULTS 
First and third series 

In the first and third series of experiments the calves were fed on a change- 
over principle. Each complete experiment extended over 72 days, this being 
divided into three periods of 24 days. The two types of milk were fed alter- 
nately, half the animals commencing with raw milk and half with pasteurized 
milk. By this means any errors due to individuality were avoided. 

The results obtained in the first and third series are detailed in Tables I-III. 
Ten calves were used in these experiments, so that figures are available for 
thirty 24-day periods, fifteen on raw and fifteen on pasteurized milk. In 
Table IV a summary is given of the percentage assimilation and retention of 
nitrogen, phosphorus and calcium. In order that the mean values should be 
correctly “weighted” the average value of the first and third periods has in 
each instance been used for comparison with the second period. The mean 
values and standard deviations are given at the foot of each column. 

As regards assimilation no figures are, of course, available for calcium, 
since the normal channel of excretion is by the faeces. A few calcium deter- 
minations were made on the urine, but it was found that the calcium content 
did not exceed 2 per cent of the total faecal output. 

Turning, then, to the assimilation of nitrogen and phosphorus, it will be 
seen that the values fall closely about a mean figure of 94 per cent. Two 
animals, calves 1 and 3, gave abnormally low figures. The very low percentage 
assimilation of phosphorus by calf 1 accounts for the relatively high standard 
deviations; the exclusion of this animal would reduce the standard deviations 
to 3-03 and 2-59 respectively. Nevertheless it is clear that no significant 
differences exist in the percentage assimilation of nitrogen and of phosphorus 
from the raw and the pasteurized milk. 

The percentage retentions of nitrogen, phosphorus and calcium show rela- 
tively high standard deviations; it is indeed obvious from superficial inspection 
that there are marked variations in the retentions of individual animals. 
Calf 3 again shows very low values for both nitrogen and phosphorus retention. 
15-2 
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The growth rate of this calf was slower than that of the remaining calves in 
the series, and its metabolism appears to have been definitely abnormal. 
Post-mortem examination failed to reveal any pathological condition. 


Table I. Assimilation and retention of nitrogen ( first and third series) 


Output 
Calf . 
No. Intake Faeces Urine 
First series, Spring, 1934: Raw milk periods 
8 370-8 20-0 227°1 247-1 
727-0 56°7 369-0 425-7 
9 384-5 28-4 211-9 240-3 
580-0 26-7 317:1 343-8 
10 452-0 16-7 247-0 263-7 
ll 489-0 24-5 255°8 280-3 
Third series, Autumn, 1935: 
1 414-1 45-2 195-2 240-4 
636-6 41:6 286-0 327-6 
2 499-3 19-8 191-4 211-2 
3 415-9 48-0 245-1 293-1 
559-6 67-4 352-5 419-9 
4 449-5 20:3 237-5 257-8 
5 402-7 25-6 211-6 237-2 
595-6 32-4 270-4 302°8 
6 453-1 20-0 198-4 218-4 
First series, Spring, 1934: Pasteurized milk periods 
8 543-0 15-2 218-8 234-0 
9 451-5 21-7 257-0 278-7 
10 386-1 21-2 218-0 239-2 
586-0 24-0 256-5 280:5 
11 386-1 30°5 189-1 219-6 
, 630-8 19-5 296-0 315-5 
Third series, Autumn, 1935: 
1 492-3 38°8 228-5 267°3 
2 413-1 30-6 200-0 230-6 
633-0 24-1 283-5 307-6 
3 495-0 67-6 308-5 376-1 
4 373-9 27-5 228-0 255-5 
513-4 25:6 256-4 282-0 
5 489-9 19-4 233-1 252-5 
6 355-0 21-9 192-2 214-1 
5568 10:8 209:3 220-1 


g. N per 24-day period 








= 
Total Retention 


123-7 
301-3 
144-2 
236-2 
188-3 
208-7 


173-7 
309-0 
288-1 
122-8 
139-7 
191-7 
165-5 
292-8 
234-7 


309-0 
172-8 
146-9 
305°5 
166-5 
3153 


225-0 
182-5 
325-4 
118-9 
118-4 
231-4 
237-4 


140-9 
336-7 


Per- 
centage 
assimila- 

tion 


94-6 


92.2 


92-6 
95:5 
96°3 
95-0 


89-0 
93-4 
95-9 
88-4 
87-9 
95-5 
93-6 
94-5 


95-5 


© © 
=e os 


co bw be 


9 
95-9 
92-1 
96-9 


92-1 
92-6 
96-2 
86:3 
92-6 
95-0 
95-9 
93-8 
98-0 


Per- 
centage 
reten- 
tion 


WS hm oS 
a) 


po 
- ee Ss 
Josk sick Pw 


_ 


le) 


oc >_> 
= ee 
oe 


= 
wad 
ao om st 


Se wy OS 


oO ee m toto 
© 
J — —_ 


— 


56-9 
38°3 
38-0 
52-1 


50:1 

















J. H. Buackwoop, S. Morris ann N. C. Wricut 





231 


Table II. Assimilation and retention of phosphorus (first and third series) 


g. P per 24-day period 








r 
Output 
Calf } A = 
No. Intake Faeces Urine Total Retention 
First series, Spring, 1934: Raw milk periods 
8 91-8 2:9 28:8 31-7 60-1 
139-6 5-1 67-2 72:3 67°3 
9 76:6 2-5 31-1 33:6 43-0 
111-2 5-0 60-5 65-5 45-7 
10 86-6 2-1 44-6 46-7 39-9 
ll 93-5 2-5 43-5 46-0 47°5 
Third series, Autumn, 1935: 
1 73:4 16:3 14-4 30:7 42-7 
111-1 14-9 18-3 33-2 77-9 
2 87:3 3:0 25-6 28-6 58:7 
5 79-1 9-4 26°5 35-9 43-2 
105-0 13:3 39°7 83-0 22:0 
4 80-8 2-5 31-8 34:3 46°5 
5 76-5 1-2 22-6 23-8 52-7 
111-8 4:8 39-6 44-4 67-4 
6 81-4 4-2 21-7 25-9 55:5 


First series, Spring, 1934: 


8 108-6 1:8 
9 90-5 3-7 
10 72-9 2-2 
102-7 2-7 
ll 75-9 23 
110-9 17 

Third series, Autumn, 1935: 
l 87-4 23:8 
2 74:1 9-5 
111:3 2-5 
3 89-9 8-2 
4 71-2 3°6 
97-8 3°9 
5 88-9 2-1 
6 67-5 4-6 
106-1 3-4 





Pasteurized milk periods 


40:5 
52-0 
32-2 
46-1 
32-0 
44-8 


11-1 
17-9 
39-6 
48-4 
28-9 
40-3 
24-8 
20°3 
33-0 





42-3 
55-7 
34:4 
48-8 
34:3 
46-5 


34-9 
27-4 
42-1 
56-6 
32°5 
44-2 
26-9 
24-9 
36-4 





66-3 
34:8 
38°5 
53-9 
41-6 
64-4 


52-5 
46-7 
69-2 
33°3 
38-7 
53-6 
62-0 
42-6 
69-7 


Per- 
centage 
assimila- 


tion 


96-8 
96-3 
96-9 
94-8 
97-6 


97:8 
77:8 


96-6 
88-1 
87-2 
96-8 
98-5 
95-7 


94-8 


98-0 
96-0 
97-0 
97-2 
96-9 
98-4 


72:8 
87-2 
97-6 
90-9 
95-0 
96-1 
97-6 
93-3 
96-8 





Per- 


centage 
reten- 


tion 


65-4 
48-2 
56-2 
41-2 
46:1 
50-8 


58-2 
70-1 
67-2 
54-6 
20-9 
57-5 
68-9 
60-2 
68-2 
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Table III. Retention of calcium (first and third series) 


Raw milk periods 
AL 


Pasteurized milk periods 
A 








r 


g. Ca per 24-day period 





Reten- 


Calf 
No. Intake Output tion 
First series, Spring, 1934: 
8 108-3 13-1 95-2 
144-7 43-1 101-6 
9 90-1 15-5 74:6 
115+1 43-4 61-7 
10 89-8 38-6 51-2 
1] 96-1 25:1 72-0 
Third series, Autumn, 1935: 
1 82-2 25:9 56-3 
135-4 15-9 119-5 
2 107-9 25-0 82-9 
3 87-7 36-7 51-0 
113-9 32-2 81-7 
4 90-9 30-6 60-3 
5 85-0 2-9 82:1 
121-3 28-6 92-7 
6 91-6 20-8 70-8 





rE 
Per- g. Ca per 24-day period Per- 
centage ( » centage 
reten- Reten- —_reten- 
tion Intake Output tion tion 
87-7 113-8 12-4 101-4 89-0 
70-3 
82-8 94-4 34:3 60-1 63-7 
53-6 
57-0 77-1 10-2 66-9 86-8 
118-4 29-5 88-9 75-0 
74-9 78-9 15-4 63-5 80-5 
126-9 18-6 108-3 85-4 
68-6 99-9 26:1 . 73:8 73°9 
88-3 
76:8 75-2 17-5 57-7 76-7 
130-9 28-0 102-9 78-7 
58-2 96-4 38-3 58-1 60-3 
71-7 
66-4 76-0 13-2 62:8 82:8 
107-1 55°7 51-4 48-0 
96-7 95-6 12-9 82-7 86-5 
76:3 
717-4 72 14-8 57-2 79-5 
115-5 23-4 92-1 79-7 


Table IV. Summary table showing percentage assimilation and retention of 
nitrogen, phosphorus and calcium ( first and third series) 


Percentage assimilation 


Percentage retention 
A 

















f f 
Nitrogen Phosphorus Nitrogen Phosphorus Calcium 

Ca. pee —_— es ———, 
No. Raw Past. Raw Past. Raw Past. Raw Past. Raw Past. 

8 93:4 97-2 96-5 98-0 37:3 56-9 56-8 61-2 79:0 89-0 

9 94:0 95-2 95:3 96-0 39-1 38-3 48-7 38-5 68-2 63-7 

10 96-3 95-2 97-6 = 97-1 41-7 45-0 46-1 52-6 57:0 80-9 

11 95-0 = 94-5 97-3 97-6 42-7 46-6 50-8 56-4 74-9 82-9 

1 91-2 92-1 83-1 72:8 45:2 45-7 64-1 60-1 78-4 73-9 

2 95-9 94-4 96-6 92-4 57-7 47-6 67-1 62-6 76:8 = 77-7 

3 88-1 863 87-6 90-9 27-2 24-0 37-7 37-0 64:9 60:3 

4 95-5 = 938 96-8 95-5 42-6 = 38-5 57-5 54-6 66-4 65-4 

5 94-1 95-9 97-1 97-6 45-1 48-4 64:5 69-7 86-5 86-5 

6 95-5 95-9 94-8 95-0 51-7 50-0 68-2 64-4 77-4 79-6 
Mean 93-90 94-05 94-37 93-29 43-03 44-10 56-15 55-71 72:95 75-99 
S.D. 2:39 2-89 4:70 7-18 775 8-41 9-62 10-13 8:20 9-39 

















J. H. Bhackwoop, S. Morris AND N.C. Wricut 233 


The figures for the remaining calves show clearly that the variations in 
the percentage retentions are largely due to individuality. For example 
calves 2, 5 and 6 give relatively high retentions, while calves 9 and 4 give 
markedly lower values. In some instances the values are irregular. It will 
be seen from Tables I, II and III, for example, that some calves show a pro- 
gressive decrease in retention throughout the three periods, some show a 
progressive increase, and in a few instances there is no definite trend in either 
direction. Such irregularities are inherent in all calf feeding experiments, as 
is apparent from a study of published figures for live weight gains. 

It is, however, clear from the mean values recorded in Table IV that no 
significant differences exist between the retentions on raw and on pasteurized 
milk. The differences between the percentage retentions of nitrogen, calcium 
and phosphorus will be dealt with in the next section. 


Second series 


Six calves were used in a further experiment in which the feeding periods 
were extended to 42 days.! In this experiment the change-over principle was 
not used. As in the first and third series, the calves were fed on dam’s milk 
and raw milk up to 10 days of age. Three of them were then placed on raw 
milk for the full period of 42 days, and three on pasteurized milk for a similar 
period. 

Tables V, VI and VII show the summarized results for the full periods. 
It will be noted that the results again indicate that there are little or no 
differences in assimilation and retention on the raw and the pasteurized milks. 
Since the change-over principle was not adopted in these experiments the 
only method of determining the significance of the results is to compare the 
means and standard deviations of successive 6-day periods—each experiment 
having been run on the basis of seven such periods. The comparative figures 
for the percentage retentions are given in Table VIII. The results show clearly 
that the differences between the means are not significant. 


Table V. Assimilation and retention of nitrogen (second series, Autumn, 1934) 


g. N per period* 
a © 








r - Per- Per- 

Output centage centage 

Calf F - %s assimila- reten- 
No. Intake Faeces Urine Total Retention tion tion 

Calves fed on raw milk 
3 737-4 66-4 272-0 338-4 399-0 91-0 54-1 
4 776-1 49-1 227-4 276-5 499-6 93-6 64:3 
6 876-2 47-7 404-8 452-5 423-7 94-5 48-3 
Calves fed on pasteurized milk 

1 854-0 39-9 306-4 346-3 507°7 95:3 59-4 
2 966-3 46:3 304-8 351-1 615-2 95-2 63 6 
5 623-9 24-8 226-4 251-2 372:7 96-0 59-7 


* The experimental periods were of 42 days, except for calf 2 where the period was 36 days. 


1 With one calf the period was limited to 36 days i.e. six periods of 6 days. 
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Table VI. Assimilation and retention of phosphorus 
(second series, Autumn, 1934) 


g. P per period* 








r . Per- Per- 

Output centage centage 

Calf 7 A : assimila- reten- 
No. Intake Faeces Urine Total Retention tion tion 

Calves fed on raw milk 
3 137-7 48 44-4 49:2 88-5 96-5 64-2 
144-9 59 37-7 43-6 101-3 95-9 69:9 
6 163-8 9-4 643 73-7 90+1 94-2 549 
Calves fed on pasteurized milk 

l 165-5 6-1 52:1 58-2 107°3 96-2 64-9 
2 162-3 7:1 46-2 53°3 109-0 95-6 67-1 
5 142-4 8-9 43-6 52-5 89-9 93-7 63-2 


* The experimental periods were of 42 days, except for calf 2 where the period was 36 days. 


Table VII. Retention of calcium (second series, Autumn, 1934) 


g. Ca per period* 
Pei 





Calf Percentage 
No. Intake Output Retention retention 
Calves fed on raw milk 

3 146-6 15-2 131-4 89-6 

4 151-6 15-9 135-7 89-5 

6 162-8 27-2 135-6 83-2 

Calves fed on pasteurized milk 

1 162-5 24-8 137-7 84-6 

2 167-5 22-9 144-6 86:3 

5 135°3 17-9 117:4 86-7 


* The experimental periods were of 42 days, except for calf 2 where the period was 36 days. 


Table VIII. Mean percentage retentions of nitrogen, calerwm 
and phosphorus (second series) 

















Nitrogen Phosphorus Calcium 
Calf A ~ =t—_—— a : A ‘ 
No. Mean S.D. Mean S.D. Mean S.D. 
Raw 
3 53:5 13°17 64-4 6-70 90-0 5:03 
4 63-7 11-35 69-8 4-02 88-5 4:26 
6 48-2 13-15 55-2 5-83 82-8 15-22* 
Mean 55°13 14-15 63-13 8-27 87-10 10-06* 
Pasteurized 
1 58-7 14-16 64-4 6-86 84:8 5:07 
y 4 66-8 4-80 67-6 9-36 86-6 9-91 
5 55:8 12-84 62-9 9-11 86-7 3°77 
Mean 60-43 12°31 64:97 8-72 86-03 6:88 


* The assimilation of calcium for one period was only 46-8 per cent. This accounts for the 
exceptionally high value of the standard deviations. 
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Two further points may be noted. In the first place it will be seen that 
the mean retention values for this series are markedly higher than the mean 
values of the first and third series. It appears that this is entirely due to the 
individuality of the calves. Certain calves in the first and third series do show 
as high retentions of nitrogen, phosphorus and calcium as those in the second 
series; but the mean values of the first and third series are lower on account 
of the larger number of calves giving relatively poor retentions. This fact 
indicates the importance even in metabolism studies of using a sufficient number 
of calves if random errors are to be avoided—particularly where the change- 
over principle is not used. ; 

In the second place it will be seen that in this series, as in the first and 
third series, the percentage retentions of nitrogen, phosphorus and calcium 
differ markedly, the percentage retention of nitrogen being relatively low, 
that of phosphorus intermediate, and that of calcium relatively high. In an 
attempt to determine the cause of these differing levels of retention a calcula- 
tion has been made of the expected retention of each of the three elements 
on the assumption that the proportions of nitrogen, phosphorus and calcium 
retained were in the same ratio as is normally found in the intact calf(2), and 
that the quantity and composition of the milk fed were as shown below. The 
calculated and the experimental values are given side by side in the twe 
right-hand columns. 


Table IX. Calculation of retention values 








Initial live weight aes ase aes eas as 34-0 kg. 
Live weight increase per 42-day period re aes ree 10-5 kg. 
Milk consumed per 42-day period __... ia waa a 162 kg. 
Intake Retention 
C “s % 6 
Calculated Calculated 
intake retention Percentage 
per 42-day Percentage per 42-day retention 
Percentage period in intact period =; X ‘ 
in milk g. calf g. Calculated Found 
Nitrogen 0-45 728 3-20 336 46 58 
Phosphorus 0-09 146 0-80 84 58 64 
Calcium 0-10 162 1-25 132 81 87 


It will be seen that the calculated and the experimental values show 
reasonably close agreement. The fact that the experimental values are higher 
than the calculated values is probably attributable to the inclusion of the 
maintenance requirements in the former figure. It can therefore only be con- 
cluded that cow’s milk is in fact an incorrectly balanced food when used as the 
sole ration for calves, being markedly deficient in calcium and slightly deficient 
in phosphorus in comparison with the nitrogen. 

This point appeared to be of such fundamental importance in relation to 
calf feeding experiments that calculations have been made of the theoretical 
retentions at varying growth rates. The same assumptions have been made 
as in the previous calculation, i.e. an initial live weight of 34 kg., milk supplied 
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at the rate of 10 per cent of the body weight (adjusted every 6 days), and the 
composition of the milk and of the intact calf being as shown in Table IX. 
The results of the calculations are shown in Fig. 1, where the daily live-weight 
gains are plotted against the percentage retentions of nitrogen, phosphorus 
and calcium which would be required to support such gains. This graph shows 
in a striking manner the limited extent to which growth is possible when 
calves are fed solely on milk at the 10 per cent level. Taking the maximum 
possible retention at 100 per cent (though in practice this figure could not be 
attained over long period feeding trials), it will be seen that, if the live weight 
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Fig. 1. Theoretical requirements at various growth rates. 


increase exceeds one-third of a kilogram per day, the calf will be unable to 
obtain adequate calcium; with a live-weight increase of half a kilogram per 
day the phosphorus supply will be inadequate and the calcium insufficient by 
over 40 per cent; and with a live-weight increase exceeding two-thirds of a 
kilogram per day the supply of all three elements will be inadequate, the 
quantity of calcium available being only half that required. These figures will, 
of course, be modified if the milk fed is richer in nitrogen, calcium and phos- 
phorus than that shown in Table IX, though the comparative retention figures 
are unlikely to be materially altered. The lack of calcium can be to some extent 
rectified by including pasture grass or hay in the ration, the N : Ca ratio being 
for the intact calf 2-5: 1, for milk 45:1, for pasture grass 2-8: 1 and for 
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good meadow hay 2:2:1. It may be noted that inithe present experiments 
the live-weight gains varied between 0-25 and 0-33 kg. per day. 

In conclusion it should be stated that post-mortem examinations were 
made on a number of the calves used in these experiments, but in no instance 
was any pathological condition revealed. 


SUMMARY 


1. A study has been made of the assimilation and retention of nitrogen, 
phosphorus and calcium by calves fed on raw and pete milks. Sixteen 
calves were used in the experiments. 

2. No significant differences were found between the two types of milk. 

3. An examination of the percentage retentions of nitrogen, phosphorus 
and calcium indicates that milk is relatively deficient in calcium and to a less 
extent in phosphorus when used as the sole food for calves. The N/Ca balance 
can be improved by including pasture grass or hay in the ration. 
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1414. A PIGMENT-PRODUCING ORGANISM (PSEUDO- 
MONAS SP.) ISOLATED FROM DISCOLOURED 
BUTTER 


By E. R. HISCOX 
National Institute for Research in Dairying (University of Reading) 


THE presence of discoloured areas may constitute a very troublesome fault in 
butter. In the particular instance with which this paper is concerned butter 
which had been made into “pats” and placed in cold store to await distribu- 
tion was found to be permeated with a dark discoloration, sometimes occurring 
in the form of small blue-black areas but more frequently as large irregular 
patches varying in colour from blue-black in the centre to violet-red at the 
edge. This butter had previously been carried in the refrigerating chamber of a 
ship and held in cold store at the port. It had been slightly salted (0-38-0-55 per 
cent NaCl) and ordinary analysis revealed no abnormalities in chemical 
composition. 

This discoloration could be reproduced in the laboratory in cultures kept at 
low temperatures, e.g. in cold store, but could not be demonstrated at tem- 
peratures of 15° C. or higher. Pure cultures of the causal organisms were ob- 
tained by plating on nutrient agar or lemco gelatine and holding at 1-3° C. 
Eventually two strains were isolated which differed slightly in their colony 
form and vigour of action but otherwise appeared to be identical. No attempt 
has been made here to name them and they are therefore denoted by the terms 
II, and V, assigned to them during the preliminary isolation. 

At 15° C. differences between the two colony forms were well marked: II, 
gave an opalescent and fluorescent type, but that of V, was moist, clear and 
only slightly fluorescent. At temperatures of 1-3° C. the distinction between 
the two types was accentuated by the fact that whereas in V, pigmentation was 
uniform throughout the colony, in II, it was densest at the centre. The opales- 
cent colonies appeared to arise within the clear ones during the early stages of 
purification of the cultures. The two types were, however, readily separated 
and each has been maintained in pure culture without difficulty for 3 years. 

The two strains were identical in most of their characters. The general 
description given below applies therefore to both II, and V,. 

Morphology. Rods with rounded ends, pleomorphic, non-sporing, very 
actively motile with a gyrating movement by means of a single polar flagellum, 
capsules not demonstrated but organisms, especially strain II,, usually em- 
bedded in a gelatinous mass. 

Staining. Organisms readily stained with aniline dyes. 

Gram staining: negative. 
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Temperatures of growth. Optimum rate of growth at about 22° C.—non- 
pigmented. 

At 37° C. growth absent. 

At 30° C. growth satisfactory—non-pigmented. 

At 1-3° C. growth slow but abundant—pigmented. 


CULTURAL REACTIONS 


Nutrient agar slope (pH 6-8). V.—clear moist growth, slightly fluorescent 
in the early stages especially at 15° C., slow development of violet-black pig- 
mented growth at 1-3° C., a brown colour diffused through the medium at all 
temperatures but less abundantly the higher the temperature of incubation. 

II, similar but opalescent at 15° C. and more markedly fluorescent in the 
early stages. 

Abundant crops of colourless crystals were always observed to develop at 
the surface and penetrate the medium. These were shown by analysis to be 
crystals of magnesium ammonium phosphate, often associated with the growth 
on nutrient agar of organisms decomposing peptone with the formation of 
ammonia. 

Nutrient agar stab (pH 6-8). Growth on surface and throughout the stab. 

At temperatures 1-3° C. growth fine and cream coloured in the depth, but 
pigmented on the surface and to a depth of about 4 in. 

Lemco gelatine stab (pH 6-8). Growth in the depth and on the surface at all 
temperatures. At temperatures 1-3° C. growth, on surface and to depth of 
about $ in., of a steel-blue colour. 

Liquefaction of gelatine in 2 days at 20° C., but much later at 1-3° C. 

Carbohydrates. Very little action with peptone water as the foundation of 
the test media, and only slighly improved by the use of blood serum. Alkali 
produced in lactose, saccharose, dextrose, raffinose, sorbitol, dulcitol, salicin, 
inulin, but probably as result of action on the substrate rather than on the 
carbohydrates themselves; action on carbohydrates appeared to be very slight 
or negative. 

Litmus milk. Alkalinity with bleaching and digestion at all temperatures 
to 30° C. 

At 1-3° C. reaction very slow, a dark ring developing to a depth of about 
} in. as soon as bleaching began. 

II, more vigorous than V,. 

Separated milk. Precipitation of casein and digestion of the curd with 
separation of an apricot coloured liquid. 

At 1-3° C. reaction slow and preceded by the production of a duck egg 
blue pigment deepening to blue-black or violet in the upper layers of the milk. 

Dorset egg medium. At 20° C. moist non-pigmented growth, pinkish brown 
discoloration of medium, liquefaction and slight disintegration of the medium 
in 14 days. 
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At 1-3°C. violet-red or almost black growth, no pigment in medium, no 
liquefaction in 14 days. 

Blood serum. At 20°C. moist non-pigmented growth, darkening of the 
medium and liquefaction in 14 days. 

At 1-3° C. pigmented growth, incipient liquefaction and slight pigmentation 
of the medium in 14 days. 

Potato (neutral). No growth even with the addition of NaCl (1 per cent). 

Indol. Not found. 

Acetyl-methyl carbinol. Not found. 

Nitrates. Not reduced to nitrites. 

Ammonia. Produced from peptone. 

Catalase. Present. 

Methylene blue. Not reduced in 24-hour broth cultures at 22° C. 


PIGMENT 

It has already been stated that the production of pigment was influenced 
by temperature conditions. At temperatures above 15° C. a brownish colour 
developed and diffused through the medium. At lower temperatures this was 
mixed with a blue-black pigment, insoluble in water and brine, and concen- 
trated in the growth which thus became very dark in colour. 

Microscopical examination of the low-temperature growth showed that in 
the early stages the cells were filled with a clear blue fluid. It appeared that 
during growth the blue-black pigment was excreted from the cells and de- 
posited as irregular aggregates of platelets. The deeply pigmented growth was 
thus found to consist of colourless and faintly coloured cells amongst which 
were interspersed deeply coloured aggregates of crystals varying considerably 
in size and shape. In V, these aggregates were scattered more or less evenly 
throughout the colonies; in II, they were densely packed at the centre, be- 
coming more rare near the periphery. 

The general appearance suggested that these aggregates might be deposits of 
indigo such as those described by Claessen(1) and Voges(2), but comparative 
tests did not confirm this suggestion. The pigment was soluble in formalin to a 
bright blue solution and also gave unstable solutions in KOH and NH,OH. 
It was, on the other hand, insoluble not only in water and brine but also in 
many other general solvents such as chloroform, ether, ethyl and methyl 
alcohols, benzene, turpentine, paraffin wax, liquid paraffin, butterfat, dilute 
sulphuric and acetic acids. It was not identifiable by comparison with avail- 
able descriptions of pigments produced by various species of chromogenic 
bacteria. A detailed chemical study of the pigment was not attempted. 


NUTRITION 
No growth was obtained on certain stock media, e.g. standard agar, yeast- 
dextrose agar, beerwort agar, bean agar, potato. A factor common to all was 
the low concentration or absence of NaCl, a substance which is not added in 
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the preparation of these media. The addition of NaCl converted the first two 
into satisfactory media, but it was obvious that still another factor was 
operating in the others. It appeared that the form of available nitrogen was 
also of importance and that nitrogenous substances of vegetable origin were 
not suitable nutrients for this organism. 


INFLUENCE OF SODIUM CHLORIDE 


The beneficial action of common salt was shown by the fact that whereas 
only very scanty or no growth was obtained on the ordinary stock of standard 
agar, yeast dextrose agar and gelatine (20 per cent), even after holding for 
6 weeks in the ice-chest, growth was apparent in 6 days, under identical con- 
ditions on corresponding media to which 1 per cent NaCl had been added. 
Although there was this marked reluctance to grow in the absence of NaCl, 
the organisms could not be regarded as true halophiles. The maximum stimu- 
lation was found to be given by 1-2 per cent NaCl. Beyond this concentration 
the action steadily diminished until at 5 per cent it had almost ceased and 
growth became very scanty. This is in agreement with most of the figures that 
appear in the literature on Pseudomonas species, although true halophiles have 
been reported in this group. 

The stimulation was probably not due to NaCl as such, for a similar though 
less marked action was induced by Nal, while in such media as milk, growth 
and the characteristic changes took place—though slowly—without the addi- 
tion of NaCl. The reaction proceeded more readily in litmus milk than in ordinary 
separated milk, but it was considerably accelerated in each medium by the 
addition of salt. With cream, however, the addition of salt appeared to be 
necessary for the characteristic growth and pigmentation. 


INFLUENCE OF NUTRIENTS 


The organism had appeared to be sensitive to the form of nutrient offered, 
and the influence of various sources of carbon and nitrogen was therefore 
examined. Various substances which would serve as the sole source of carbon 
or nitrogen were added to a synthetic agar medium and the growth studied in 
the presence and absence of NaCl and Nal. When ammonium citrate was 
added as the source of nitrogen, and lactose, saccharose, butter fat, glycerol or 
calcium lactate as the source of carbon, there was growth, though not abun- 
dant, at 20° C. and growth and pigmentation at 1-3°C. if either NaCl or Nal 
were also added. No growth was obtained in the absence of both salts. 

To test the influence of the nature of the nitrogen compound, casein, 
gelatine, lemco and various brands of peptone were added to the synthetic 
medium as the sole sources of carbon and nitrogen. As before, growth was 
obtained only in the presence of NaCl or Nal. The latter salt, in the strength 
used (1 per cent), gave less satisfactory results than NaCl (1 or 2 per cent). 
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The various brands of peptone, e.g. Burgoyne and Burbidge, Witte, Parke 
Davis, proteose-peptone (Difco), bacto-peptone (Difco), Fairchild, eupeptone 
(Allen and Hanbury), differed considerably in their growth-promoting and 
pigment-producing power. With Witte and proteose peptones, there was good 
growth and marked diffusion of the brown colour through the medium at 
20 and 1-3°C., but the development of the blue-black pigment was feeble 
even at temperatures of 1-3° C. With the other brands of peptone the develop- 
ment of the brown diffusible and the blue-black insoluble pigments was positive 
but varied in intensity. The blue-black pigmentation of the growth was most 
marked with the Fairchild peptone. Lemco was favourable to, and gelatine 
appeared to be satisfactory for growth and pigmentation, but in the media 
containing casein growth was somewhat delayed although it was well pig- 
mented when established. 

Chemical analyses of four of the brands of peptones have been given by 
McAlpine & Brigham (3), and the following table has been compiled from their 


figures. 
Nitrogen distribution in 1g. of peptone 


Amino 
Non- Poly- (Van Free 
Brand of Total Protein protein peptide Slyke) ammonia 
peptone mg. mg. mg. mg. mg. mg. 
Witte 152 93-42 56°17 26-52 29-65 Negligible 
Bacto-peptone 140 8-4 128 82:17 48-0 Negligible 
(Difco) 
Fairchild 127 24-2 102-5 79-57 48-0 4 
Proteose-peptone 125 54:6 69-3 21:3 48-0 Negligible 
(Difco) 


It is noteworthy that of the two brands of peptone on which only feeble 
pigmentation of the growth occurred even at low temperatures, i.e. Witte’s 
and proteose-peptone (Difco), both contained a high proportion of protein 
nitrogen. If it may be assumed that the protein nitrogen is mainly proteose 
then it would appear that proteose is distinctly inhibitory to the production of 
the blue-black insoluble pigment. 


IDENTIFICATION 


The general character of this organism indicated that it should be classified 
as a species of Pseudomonas or Chromobacterium. Its failure to produce acid in 
carbohydrate media suggested a greater affinity with the former group, a view 
which was supported by the ready growth and production of pigment at low 
temperatures, and the sensitiveness to the presence of NaCl in the medium. 
The organism was therefore regarded as a species of Psewdomonas. Its special 
characters did not, however, agree closely with those of any similar organism 
of which a clear description was available. In view of the fact that the ques- 
tion of its identity has not been closely studied it is not proposed at this stage 
to regard it as a new species nor to assign to it a specific name. 























E. R. Hiscox 


SUMMARY 


An organism, isolated from discoloured areas in butter and capable of re- 
producing the colour in artificial culture, is described. 

A brown colour, which may probably be attributed to the action of am- 
monia produced by this organism, diffused through the medium. 

A blue-black insoluble pigment, produced only at low temperatures, was 
concentrated in and around the bacterial cells. The nature of the source of 
nitrogen influenced the development of this pigment, proteose appearing to 
be inhibitory. 

NaCl in moderate concentration was usually necessary for growth. 
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142. VAN OIJEN MODIFICATION OF THE FROST 
LITTLE PLATE METHOD 


A CRITICAL INVESTIGATION OF VAN OIJJEN’S TEST FOR THE 
BACTERIAL CONTENT OF MILK SAMPLES 


By H. BARKWORTH 
South-Eastern Agricultural College, Wye, Kent 


Van O1JEN’s test is a simple, rapid test for the bacterial content of milk. The 
result from each test is derived from a considerable quantity of milk (0-05 ml.), 
a minimum of apparatus is required and it is possible to secure an estimate of 
small numbers of organisms in milk. The test is an adaptation of the Frost 
Little Plate method and is used in Holland for the official control of “Certified” 
milk. Clarenburg(1) obtained the highest counts on ordinary agar plates incu- 
bated for 5 days at 22°C., and he used these results as his standard. He found 
that the closest agreement between these ordinary plate counts and the little 
plate cultures was obtained when the latter were incubated at temperatures 
between 26 and 30°C. At 30°C. and especially at 37°C. trouble was ex- 
perienced with “spreaders”, and finally Clarenburg selected 28°C. as his 
incubation temperature. He found that 15 hours’ incubation was adequate, 
and though he admits that some samples may be counted after 10 hours he 
does not accept 8 hours’ incubation at 37° C. as suggested by Frost. Clarenburg 
suggested that owing to the effect of overcrowding the Van Oijen (modified) 
method is applicable only to milk containing a maximum of about 200,000 
organisms per ml. 


BRIEF DESCRIPTION OF TECHNIQUE 


Using a capillary pipette holding 0-1 ml. milk, 0-05 ml. is placed in each 
of two grids (each 20.x 25 mm.), previously marked off on a glass slide. The 
slide is placed on a warm table (47°C.). A similar quantity of agar medium 
(which has been melted and cooled to 47°C.) is added, mixed with the milk, 
and after allowing to set, the slides are incubated 16 hours at 28°C. under 
moist conditions. After incubation the slides are dried at 90°C., stained and 
washed and after final drying are ready for counting. The small colonies are 
counted under the low power of the microscope ( x 40). A special cover-glass, 
ruled in 1-mm. squares, is placed on the film, and the colonies per row or per 
square are counted. Good milk will have less than one colony per square mm. 

A comparison of this test(2) with the standard methods of plate count() 
has been made, and provided that the plate count did not exceed 30,000 
per ml., it was found that the agreement between the two tests was good. 
It was therefore decided to investigate more thoroughly both the agreement 
and the comparative accuracy of these two tests (plate count and Van Oijen) 
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with milk with a bacterial content not exceeding 30,000 per ml. as shown by 
ordinary plate count. For this purpose fivefold examinations by each test 
were made and the effect of various incubation times was investigated. The 
earlier work (2) had been carried out with standard agar, but 1 per cent milk 
agar (5) was used in the present investigation. 


H. BARKWORTH 


APPARATUS AND METHODS 


The equipment and methods used are described elsewhere(4). Pipettes 
were checked for accuracy and the methods followed categorically throughout. 


METHOD OF COUNTING 

Using the special counting cover-glass the following methods were adopted: 
(a) for counts up to 30,000 per ml. all the colonies in alternate rows on both 
grids were counted and the total for the twenty rows multiplied by twenty 
to give the number of colonies per ml. of milk; or (b) for counts over 30,000 
per ml. the colonies on twenty-five squares on each grid were counted and 
the total for the fifty squares multiplied by 200 to give the number of colonies 
per ml. of milk. 


PLAN OF EXPERIMENT 


It has been stated that the immediate object was to test both the accuracy 
and the agreement of the two tests, but it was also desired to find the effect 
of different incubation times. This introduces a complication because whereas 
an ordinary plate culture can be removed from the incubator, counted, re- 
placed in the incubator for a further period and finally recounted, a Van Oijen 
slide must be dried and stained, and reincubation of the same slide is im- 
possible. If it is desired to measure the effect of different incubation times with 
Van Oijen’s test, a separate set of slides for each incubation period must be 
prepared, and to maintain a strict comparison extra plate cultures on the 
same basis must also be made, i.e. in fivefold tests, slides 1-5 can be incubated 
for 24 hours and slides 6-10 for 72 hours, and for comparison plates 1-5 must 
be used to establish the count after 72 hours’ incubation and plates 6-10 to 
obtain the count after 72 hours at 37°C. plus 72 hours at 22°C. The actual 
. incubation times selected were dictated by practical considerations. All 
samples were tested when 24 hours old, and with morning milk it was possible 
to secure a result on the same day by incubating for 9 hours only. Longer 
incubation times with morning milk not more than 24 hours old had to extend 
of course to 24 hours. With afternoon milk 24 hours old, practice required 
that either 17 or 24 hours’ incubation should be used. The standard incubation 
time for plate cultures has been taken as 72 hours(s). 





) A synopsis of the experiment appears in Table I. 
In order to avoid varying multiplication factors in obtaining final counts 
t by the ordinary plate method only results on the 1/100th dilution plates were 


considered. The accepted limits of colony significance are between thirty and 
16-2 
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300 colonies per plate, a range of plate count of 3000-30,000 per ml. All the 
corresponding Van Oijen counts were obtained by the “row” count method 
and were derived by using a multiplication factor of twenty. 


Table I. Plan of investigations 


Morning milk: Van Oijen test Plate test 
Tested 5 slides incubated 9 hours at 28°C. 5 plates incubated 72 hours at 37°C. 
24hoursold 5 ‘cs 9 hours at 28°C.+ 5 m 72 hours at 37°C. + 
63 hours at 22°C. 72 hours at 22°C. 


Afternoon milk: 


Tested 5 slides incubated 17 hours at 28°C. 5 plates incubated 72 hours at 37°C. 
24 hours old 5 a 24 hours at 28°C. 5 a 72 hours at 37°C. + 
5 ‘ 24 hours at 28°C. + 72 hours at 22°C. 


72 hours at 22°C, 


STANDARDIZATION OF TECHNIQUE 


It was clear at the outset of this investigation that the details of the 
Van Oijen technique would have to be carefully standardized. The details for 
the measurement of the agar, staining and drying of the slides, etc., are 
described elsewhere (4). 

For the ordinary plate count the standard technique of the Ministry of 
Agriculture was used (5). 

TREATMENT OF RESULTS 

For purposes of the present investigation it was considered desirable to 
record the count of each grid. The slide was key-numbered at the end nearest 
the operator, and the grid farthest away was called grid (a). This grid was 
always treated first, both in adding milk or agar and in mixing. Thus all the 
(a) grids received technically equal treatment. Similarly the (5) grids received 
equal treatment. 

In testing each sample the necessary Van Oijen slides were prepared first 
and the plate tests made immediately after. In making the plates, 1 ml. of 
milk was transferred to a 9-ml. saline blank (1: 10 dilution), and from this 
(with a second 9-ml. blank) is made the 1: 100 dilution. Finally a single 
Petri dish was inoculated. The complete process was repeated ten times so 
that each plate meant an entirely separate testing. 


STATISTICAL ANALYSIS OF RESULTS 


The results were treated by the method of analysis of variance (6) using 
the colony numbers per grid or per plate when considering differences due to 
incubation times, and the logarithms of the estimated colonies per ml. when 
comparing agreement and comparative variability. In the case of the plate 
counts each plate is a single replicate, and in the Van Oijen test the count 
per ml. can be found from the results of the two grids and this is, of course, 
identical with the count which would have been obtained by the routine 
system outlined earlier, because if we take the colonies actually counted on 
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the ten rows of each grid we multiply by forty and take the mean of the 
two grids, and 

4 406 

dat AO” =20 (a+b). 


RESULTS 
Colony counting error 


As a preliminary the error due to counting colonies was estimated (7) and 
compared with similar figures for plate count(s). It transpired that the 
counting error for Van Oijen’s test, expressed as the coefficient of variability, 
was about 4:5 per cent, approximately the same as for the plate count. The 
differences between grids were also investigated. Any bias at this point would 
not necessarily invalidate the test, but would indicate a weakness in the 
technique followed. The tests were made throughout by the same worker who 
had assisted at the earlier investigations(2), and in the present series twenty- 
four preliminary samples were tested before the final work was commenced. 
The eleven samples of morning milk were tested first (one per day), and as 
each slide had two grids and the samples were tested in quintuplicate at two 
different periods of incubation, we have a total of 220 grids. Grid (a) as defined 
above was significantly greater (P =0-05) than grid (6), the proportions being 
100: 91. When the series of afternoon samples was examined it was found 
that there was no significant difference between the grids and the proportion 
became 100: 103. The results were pooled and the proportion was 100: 97, 
and again there was no significant difference. It is possible that the skill of 
the worker improved as the experiment proceeded, and as a whole the figures 
appeared to justify the tentative standard Van Oijen technique which was 
laid down. . 

Occasional anomalous results were obtained in both tests and it was 
necessary to eliminate the counts of two Van Oijen grids (one was irregular 
and the film of the other was lost in final washing), while no less than seven 
plates gave irregular counts. In all cases substitute values were calculated 
by the method of minimizing the error(12), and these calculated values were 
used throughout in all statistical computations. 


Incubation times 


The results of the analysis of variance are seen in Table II, and as a further 
check the significant difference has been calculated from the formula 


V/ variance x 8n, 
and the results are shown in Table IV. It will be noticed that the observed 
differences in colony numbers are all significant, thus confirming the signi- 
ficance found by analysis of variance. The percentage increase in colony 
numbers is seen in Table III, and to assist the comparison the percentages 
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have been calculated using each incubation period in turn as the 100 per cent 














basis. 
Table II. Analysis of variance (colony numbers) 
Incubated Incubated 
9 and 24 hours 17, 24 and 72 hours 
i Y ’ ee \ 
Mean Mean 
Van Oijen’s test: S. of S. D.F. square S. of S. D.F. square 
Between samples, S. 16,367,261 10 1,636,726 12,331,588 19 649,031 
Between incubation 214,032 1 214,032 157,941 2 78,971 
times, I. 
8. x I. 94,773 10 9,477 591,210 38 15,558 
Residual effects 584,262 198 2,951 218,449 540 404-5 
Total 17,260,328 219 — 13,299,188 599 — 
Incubated Incubated 
72 and 144 hours 72 and 144 hours 
r a ‘ e “a ‘ 
Mean Mean 
Plate count: 8. of S. D.F. square 8. of S. D.F. square 
Between samples, S. 4,426,083 10 442,608 477,356 19 25,124 
Between incubation 6,928 1 6,928 2,988 1 2,988 
times, I. 
Bacck. 15,872 10 1,587 10,950 19 576-3 
Residual effects 25,792 88 293-1 52,102 160 325-6 
Total 4,474,675 109 — 543,396 199 —- 
Table III. Comparative colony numbers (percentage basis) 
Van Oijen test % % ve Plate count % % 
Series A. Eleven samples morning milk (24 hours old when tested): 
9 hours at 28°C. 100 78 72 hours at 37°C. 100 89 
24 hours at 28°C. 129 100 72 hours at 37°C. + 112 100 
72 hours at 22°C. 
Series B. Twenty samples afternoon milk (24 hours old when tested): 
17 hours at 28°C. 100 77 71 
24 hours at 28°C. 130 100 92 72 hours at 37°C. 100 88 
24 hours at 28°C. + 141 109 100 72 hours at 37°C. + 114 100 
72 hours at 22°C. 72 hours at 22°C. 


Table IV. Significant difference 








Van Oijen’s test Plate count 
A ~ C A 7 
Calculated Calculated 
Total Observed _ significant Total Observed _ significant 
colonies difference difference colonies difference difference 
110 grids 55 plates 
9 hours 23,882 ee : 72 hours 7319 , nie 
24 hours 30,744 6362 i6i1 144 hours 8192 873 359 
200 grids 100 plates 
17 hours 18,518 ste 72 hours 5601 . e 
24 hours 24,137 oo os 144 hours 6374. 778 510 


72 hours 26,196 


In the case of plate counts Hiscox et al.(9) have shown that even when 
milk agar is used considerable increase in colony numbers may take place 
between 48 and 66 hours’ incubation at 37°C., and it has already been noted 
that the incubation time for plate counts had been increased to 72 hours at 
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37°C.(5). In the present case in comparing five plates from the same sample 
incubated for 72 hours with five other plates from the same sample incubated 
144 hours it was found that the increase in colony numbers is significant in 
both series of samples. The percentage increase was 12-14 per cent, rather 
higher than is found if tenfold results are used. Thus if, instead of using 
plates 1-5 for the results at 72 hours and plates 6-10 for the results at 144 hours 
as has here been done, all ten plates at each age had been used, a comparison 
of the increase of plate count on a tenfold basis(10) would be obtained. In 
this case in twenty-four out of thirty-five sets of ten the mean increase was 
less than 10 per cent. In nine other cases it was under 30 per cent. 

In the case of the Van Oijen tests there was a significant increase in colony 
numbers between 9 and 24 hours, and again between 17 and 24 hours, and if 
in the last case the incubation period was prolonged to 72 hours (corresponding 
to 144 hours for plate counts), a further small but significant increase in colony 
numbers was secured. 

It may be noted that when the values of the variance of the separate 
factors (grids, incubation times, replicates and samples) and the interactions 
of the first and second order which compose the analysis summarized in 
Table II are compared (morning samples (9 and 24 hours) with afternoon 
samples (17, 24 and 72 hours)), it was found that the variances of the interac- 
tions were, except in two cases, 8.x I. and G. x I.,1 very much greater in the 
case of the morning samples. It may therefore be concluded that 9 hours is 
an inadequate incubation period. 

It was noticed previously (2) when results were treated graphically that 
there was a tendency for the Van Oijen test to give lower counts than the 
plate counts. In these earlier series approximately half the samples were 
morning milk and were counted after only 9 hours’ incubation, and it seems 
probable that the apparently lower counts were largely due to the high pro- 
portion of morning samples incubated for the shorter time. 

The significance of any increase of colony numbers is, however, no indi- 
cation of the magnitude of the increase, and in Table III it is seen that the 
increase between 17 and 24 hours reaches 30 per cent. Therefore considering 
the results from Tables II, III and IV it would seem that the standard incu- 
bation time for Van Oijen’s test should be 24 hours at 28°C., and this should 
be compared with plate counts after 72 hours’ incubation at 37°C. 


H. BARKWoRTH 


Comparative variability and difference between tests 


Having standardized the incubation times the comparative variability of 
the two tests and the differences in the recorded counts may be investigated. 
This must be done at two levels. First, plates of 1/100th ml., giving counts 
ranging from 3000 to 30,000 per ml., can be compared with Van Oijen tests 
counted by the “alternate row” method, and based on 0-05 ml. milk. Second, 


1 Samples x incubation times and grids x incubation times. 
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plates of 1/1000th ml., giving a range of counts from 30,000 to 300,000 per ml., 
and Van Oijen results counted by the “‘twenty-five square” method and based 
on 0-005 ml. milk can also be compared. ; 

For the first series the material already discussed may be used, and the 
series of thirty-one samples where the five slides were incubated 24 hours at 
28°C. and the five plates were incubated for 72 hours at 37°C. may be com- 
pared. For the second range of counts it was decided to test samples in 
quintuplicate, but to use only the standard incubation times, so that for each 
sample in the second series only five slides (24 hours at 28°C.) and five plates 
(72 hours at 37°C.) were prepared. Of a total of sixty-three samples tested 
the results of thirty-one samples were available for statistical treatment, the 
remainder falling outside the prescribed limits of 30,000-300,000 per ml. No 
anomalous results were obtained. 

When comparing recorded counts the logarithmic values have been used. 
To compare the variabilities, the variance of each set of five replicates (Van 
Oijen and plate count) was calculated, and from this was obtained the mean 
variance per replicate for each test. In comparing these means, allowance 
was made, where necessary, for the substituted cells (two Van Oijen and 
seven plates) (p. 247), and the final values for both levels of count are given 
in Table V. The plate count was significantly the more variable at both levels. 


Table V. Comparative variability (log. of recorded count). 
Thirty-one samples, fivefold by each test at each level 





Low count High count 
i ——. 7 4 \ 

Mean Coefficient Mean Coefficient 
variance of variance of 

per variation per variation 
D.F. replicate % D.F. replicate % 
Van Oijen 122 0-0048 2-0 124 0-0043 1:3 
Plate count 117 0-0111 2-9 124 0-0122 2-2 


A consideration of the differences between the recorded results of both 
tests raises the question of the culture medium used. In Van Oijen’s test the 
medium contains 50 per cent by volume of milk. In the preliminary work (2) 
the plate counts were made on a simple lemco-peptone agar, but Hiscox et al. 
have shown(9) that the addition of milk to the medium increases the count, 
and Barkworth(11) has shown that the increase in count obtained by adding 
1 per cent skim milk is statistically significant. It would, therefore, be expected 
that, other things being equal, the use of skim milk agar for the plate counts 
would tend to minimize any differences between results, and inasmuch as 
both tests are a viable count with the incubation temperatures approximating 
to each other we should expect to find the two tests in close agreement. In 
the low count series (including the preliminary samples) a total of fifty-five 
samples was tested, and only in two cases were grossly discrepant results 
obtained. In one case the Van Oijen culture was quite uncountable and in 
the other case it was the ordinary plate counts which were uncountable. In 
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the high count series there was greater divergence, differences of 0-4 log being 
common, but the only grossly discrepant result was one in which the plate 
count was in excess of 1-0 log less than the Van Oijen count. The uncountable 
samples were not used for statistical analysis, but the other sample is included 
and the results for both series are seen in Table VI. 


H. BARKWORTH 


Table VI. Significance of difference between tests 
(log of recorded count) 

















Low count (31 samples) High count (31 samples) 
C on t 2 ~ 
Mean Mean 
S. of 8. D.F. square S. of S. D.F. square 
Between the samples 49-6015 30 1-6535 19-8533 30 0-6618 
Between treatments 0-2265 1 0-2265 2-1389 1 2-1389 
es OR 6-9286 30 0-2310 8-8940 30 0-2965 
Within samples 1-8866 248 0-0076 2-0516 248 0-0083 
Total 58-6432 309 — 32-9379 309 _— 


Comparing the values for “between treatments” and “within samples” 
it is clear that at both levels of count there is a significant difference due to 
“treatments”, i.e. between the mean counts given by the two different methods 
of testing. But we must also consider the magnitude and degree of dispersion 
of this difference. The mean log counts will disclose the magnitude of the 
difference, and the degree of dispersion can be calculated by expressing the 
standard deviation of the interaction T. x8. (Table VI) as a percentage of the 
gross mean count, e.g. for low counts: 


V0-2310 x 100 
3-63 


The complete data in reference to the difference between tests are seen 
in Table VII. Although the Van Oijen test gives on the whole lower counts 
it is obvious from the dispersion that in individual cases the reverse must 
frequently occur. Part of this difference may be attributable to the pipette 
error(4). Logarithmically the mean difference is small and even arithmetically 
can hardly be said to be of practical import. 


Table VII. Mean counts (logs) 








Low counts High counts 
C ‘ Y c oe YY 
Approx. Approx. 
arithmetic arithmetic 
Mean __ Difference value Mean __ Difference value 
log count % log per ml. log count % log per ml, 
Van Oijen 3-60 — 3981 4-70 50,120 
Plate count 3°65 — 4467 4:87 — 74,130 
All samples 3-63 1-3 4-79 : 


33 
+13-2 +11-4 
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x? values and coefficients of variation 


The plate count has been discredited because the y? values for replicated 
tests do not fall within the limits for a Poisson series. The x? test tests the 
hypothesis of perfect random distribution of the bacteria, firstly in the dilution 
tubes and secondly in the milk itself. There is little evidence for the truth of 
this hypothesis. Mattick (13) states that the x? values for raw milk were much 
nearer the theoretical than those for commercial pasteurized milk, where the 
values were approximately five times greater. Ziegler & Halvorson (14), in- 
vestigating the use of the dilution method for estimating bacterial populations, 
considered there was justification for the use of Poisson series for the develop- 
ment of the fundamental equations they propounded. 

The inaccuracies of a test may prevent the realization of the expected 

x? distribution; when this is so, reduction in variability due to such inaccu- 
can will (other values being constant) result in lower values for x?. This 
follows from the formulae 

2, _S(t—-z)? , S(x—z)? 
*——? =e 
Having regard to the foregoing and recalling the considerably smaller variance 
of the Van Oijen replicates it would seem advisable to compare the x? values 
obtained for both sets of replicates. The distribution of the coefficient of 
variation is shown in Table VIII and the values of x? in Table IX. It will be 
noticed that despite the markedly greater accuracy, as measured in terms of 
mean variance per replicate, there is no obvious improvement in the values 
of x? obtained. Indeed, in one series the values for the plate test are much 
nearer to the theoretical. 

While both tests were done fivefold, the value of the mean is not identical. 
At both levels of count the Van Oijen test uses five times as much milk, and 
therefore the mean colony number will be approximately five times greater 


‘Table VIII. Van Oijen test and plate count. Distribution of coefficient of 
variation (tests made in quintuplicate) (based on number of colonies) 


Coefficient of ¥ variation (%) 





Over Over re Over Over Over 
0-10 10 20 30 40 50 60 
1] a.m. samples: 


Plate count. 0-01 ml. milk 3 7 _— _— —_ a 
Van Oijen. 0-05 ml, milk* 3 5 3 — = = = 

20 p.m. samples: - Low counts 
Plate count. 0-01 ml. milkt 3 10 5 1 - — | 
Van Oijen. 0:05 ml. milk 8 8 2 2 - — 

31 p.m. samples: ; 
Plate count. 0-001 ml. milk 5 6 9 4 1 1 — } High counts 
Van Oijen. 0-005 ml. milk 13 15 1 o 2 - — 


* Includes 1 sample in which one plate of the set of five was anomalous and was adjusted. 
+ Includes 3 samples in which one plate of the set of five was anomalous and was adjusted. 
t 97 per cent. 
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Table IX. Van Ovjen test and plate count. x? values. 
All tests in quintuplicate (based on number of colonies) 


Plate count Van Oijen 








Plate count* Van Oijen 0-001 ml. 0-05 ml. 
0-01 ml. milk 0-05 ml. milk milk milk 
Cc a la 2 =, p.m. p.m. 
a.m. p.m. a.m. p.m. 
P=0-05 1-333 0-214 4-905 1-230 0-573 1-115 
x? = 9-488 1-756 0-398 2-458 1-6 1-662 
3-171 0-667 3-071 2-030 2-339 
3337 1-594 3-320 2-064 2-368 
3-589 2-352 4-080 2-936 2-441 
5-008 2-470 4-734 3-022 3-384 
5-018 2-968 4-908 3-930 3-884 
6-042 3-271 5-487 4-542 4-664 
9-462 3-641 6-407 5-417 5-236 
4-354 6-647 5-531 5-950 
6-000 6-914 7-023 8-441 
6-095 6-995 7:720 
6:370 7-556 8-213 
8-462 8-625 8-767 
8-762 9-057 
9-386 
P= 0-01 11-146 11-483 12-097 9-611 9-600 
x?=13-277 11-404 11-832 9-710 10-333 
. 9-968 10-435 
11-089 10-514 
12-461 
>P=0-01 16-894 13-423 19-784 14-278 13-507 
28-632 14-126 32-532 16-085 14-829 
229-125 14-347 67-105 16-272 18-624 
17-101 120-650 16-350 23-660 
23-455 17-023 24-811 
30-268 19-986 26-687 
31-824 22-583 27-600 
51-624 23-031 27-918 
195-376 24-203 30-115 
39-114 37-522 
75-270 39-028 
119-989 . 49-891 
169-598 74-065 
85-909 
92-375 


A.m. samples are 28 hours old when tested. 
P.m. samples are 24 hours old when tested. 
Samples in heavy type have had one replicate adjusted (see text, p. 247, 1. 26). 
* The colony count is based on the examination of the amount of milk stated. 


than that of the corresponding series of replicated counts. It is therefore 
necessary to determine how far a comparison of both variability and x? values 
is affected by size of sample in the case before us, and to ascertain, if possible, 
whether the decrease in variability shown by the Van Oijen results is in excess 
of expectation due to increased size of sample. 


Variability and size of sample 

If all error were sampling error, the values of x? for both sets of tests would 

be on the average the same. If v is the coefficient of variation we then have: 
(100)? S (7—#)?_ (100)?x? 


(n—-1l)z® 


2 oi 
, (n—1)z’ 
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showing that as % increases (x =number of colonies per plate) the coefficient 
of variation must fall. It falls because as the amount of milk increases, the 
determination of the number of bacteria per ml. becomes more precise. 

Theoretically the means are in the ratio of 1:5, and therefore the coeffi- 
cient of variation of the plate count should in theory be 1/5=2-236 times as 
great as that of the Van Oijen test. From Table X we see that the observed 
ratios of the coefficients of variation do not present as wide a ratio as 1 : 2-2, 
and on this basis either the plate count figures are too great or the variability 
of the Van Oijen test is within expectation. On the other hand, the observed 
mean colony numbers are not in the theoretical ratio, and working on the 
observed mean colony numbers the ratio of the coefficients of variation should 
be 2-05 times for low-count and 1-76 times for high-count milks. Even these 
figures do not agree with the observed ratios of the coefficients of variation 
as shown in the first section of Table X, and this leads to the presumption 
that the variabilities of the two tests are not on an equal basis. 


Modification of the Frost Little Plate Method 


Table X. Variability and size of sample 





Low count samples 


(plate count, 3000-30,000 per ml.) 





High count samples 
(plate count. 





—_—_—_ 30,000-300,000 per ml.) 
Plate count Van Oijen A— . 
0-01 ml. 0-05 ml. Plate count Van Oijen 
ee eee rw A, 0-001 ml. 0-005 ml. 
11 a.m. 20 p.m. 11 a.m. 20 p.m. 31 p.m. 31 p.m. 
samples samples samples samples samples samples 
Mean C. of V. 13-79 20-50 14-34 14-20 
(% of colony numbers) 18-12 14-35 21-73 14:33 
Ratio 1:26: 1 151: 1 
Totals of colonies: 
Total 7319 5601 30,697 24,034 
Mean, per set of 5 665 280 2,791 1,202 
Mean. per replicate 133 56 558 240 
Total 12-920 54,731 15,775 48,378 
Mean, per set of 5 417 1,766 509 1,561 
Mean, per replicate 84 353 102 312 
Ratio 1: 4-2 1:31 
Totals of x: 
Total 61-266 355-584 408-546 330-946 
Mean, per set of 5 5-570 17-779 37-141 16-547 
416-850 739-492 677-528 681-368 
13-447 23-855 21-856 21-980 
2—(n—1 
eT . —0-000455 0-010911 0-004155 0-002916 
n—1) 1 
w? as % a/w?=w % 0 10-42 6-45 5-40 
0-007024 0-003356 0-009473 0-004276 
w% 8-38 5-79 9-73 654 


The x? values (see also.Table X), however, show that in both tests we have 


a greater error than that due to sampling only and the position may be repre- 
sented as follows. The part of error which is not due to sampling error, e.g. 
errors of technique, unequal distribution of organisms, clumping, etc., will 
persist however large the sample, and may be assumed to be independent of 
the size of the sample. 
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If &? is the expected value of the variance of colony numbers, N the true 
number of colonies per plate, o? the variance due to error which is not sampling 
error, V the expected value of the coefficient of variation, X? the expected 
value of x”, and if w=o/N 


H. BARKWoRTH 


x? =o7+ N, 
»x. |] ( 1) 
2 s* "tie 2 Jap? 
72 =(100)? 55 = (100) (watw) (100)* Ju? + 5, 
(n—1) x? o ) os | 1) 
| ee ‘is = _— < 92 
At= V =(n (y+! (n—1)N i" +H: 


This shows that with w independent of N, o? will tend to drop and ? to rise 
as the size of the sample increases. The assumption of a constant coefficient 
of variation due to error other than sampling error in each type of test seems 
a reasonable one. Accordingly in Table X are shown the arithmetic (un- 
weighted) mean values of x? and also values of w? calculated from the formula 


wen (X oN), 


(n—1)N 
If there were no error other than sampling error the standard error of these 
mean values of x? would be 1/,4-=0-508. As it is it is probably greater. 
Reading these mean values of x? in connexion with the values for w? leads to 
the following suggestions: 


(1) The values of x? for morning milk in the Van Oijen test (0-05) are 
greater than the corresponding values for the plate count and one would have 
expected this, even had the error other than sampling error been the same for 
both. The available evidence suggests this may have been somewhat greater 
in the Van Oijen test. The corresponding values of w are 0 and 6-4 per cent. 


(2) The values of x? for afternoon milk in the Van Oijen test are about 
the same as for the corresponding values for the plate count. If w were the 
same for both, the Van Oijen test should have given the greater values of y?; 
hence it appears that error other than sampling error was, in this case, smaller 
in the Van Oijen test. This is borne out by the values of w which are respec- 
tively 10-4 per cent for the plate count and 5-4 per cent for the Van Oijen test. 


(3) Taking the low-count afternoon and morning milk together suggests 
an advantage in favour of the Van Oijen test, the value of w being 5:8 per cent 
as against 8-4 per cent. 


(4) If the error other than sampling error had been the same for plate 
count (0-01) and plate count (0-001) the values of x? for the latter would have 
been smaller than the former. They are in fact greater, hence the error other 
than sampling error must have been somewhat greater for the (0-001) count. 
The values of w are 9-7 per cent for (0-001) count and 8-4 per cent for the 
(0-01) count. 
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The significant differences for w? values have been calculated from the 


formula “el 
2 2 

Sig. Diff. two means = i Vo" - 
Vr Vly 


and where series containing different numbers of observations were compared 
the standard error of the difference between two means was obtained as 
follows: 
2 
S.E. diff. two means=,/,. a [(m,—1) 0,2 + (2-1) 0"), 
where n, and », are numbers of observations in both formulae. 

Based on these formulae the observed differences in values of w? do not 
attain significance at the level P=0-05, although significance at approximately 
P=0-1 is attained if the eleven a.m. plate counts are compared with the eleven 
a.m. Van Oijen tests, and again when the thirty-one high-count samples are 
compared, plate test against Van Oijen test. In the circumstances the above 
suggestions must be accepted only tentatively. Significant differences have 
been obtained in dealing with incubation times, when comparing the varia- 
bilities of the two methods and in comparing the mean log counts of the two 
tests, but it would seem that a greater number of samples is required to give 
a significant result in the case of the point under discussion, variability and 
size of sample. This may be in part attributable to the rapid increase in 
x” values beyond the level P=0-01. 

Although the observed differences are not significant, the evidence at least 
raises the possibility that the superior accuracy of the Van Oijen test when 
compared with the plate count exceeds the amount attributable to increased 
size of sample, that is the Van Oijen test may be more accurate not only com- 
paratively, but absolutely. 

Although many workers have made comparisons of the accuracy of different 
methods of assessing the bacterial content of milk, and although it is well 
known that techniques vary widely in the amount of milk on which the final 
estimate of numbers of bacteria is based, the writer is not aware that the bearing 
of size of samples on comparative accuracy has hitherto received attention in 
this particular field. The point would appear to be of some importance and 
raises the question that it may be incorrect to assume that because x? values 
for plate counts do not indicate random distribution that actual! distribution 
of bacteria in milk is not random. 

Further, in comparing various methods of assessing the numbers of 
organisms in milk the size of sample may be found to have great effect upon 


the reproducibility. 


SUMMARY AND CONCLUSIONS 
1. Van Oijen’s modification of the Frost Little Plate method for estimating 
the bacterial content of milk has been examined and compared with the plate 


count. 
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2. The colony counting error of the Van Oijen test is about the same as 
that of the plate count. 

3. From the results of quintuplicate tests it is recommended that 24 hours’ 
incubation at 28°C. be used for the Van Oijen test and 72 hours at 37°C. for 
the plate test. 

4. Thirty-one low-count samples (3000-30,000 per ml.) and thirty-one 
high-count samples (30,000-300,000 per ml.) were tested in quintuplicate by 
both methods, and statistical examination of the results shows that at both 
levels of count the Van Oijen test is significantly more accurate. The Van 
Oijen results are on the average 1-3 per cent log lower than the plate count 
and this difference is found to be significant. 

5. In the Van Oijen test the results are based on a larger amount of milk 
than the plate test, and a method is given for testing whether the increased 
accuracy exceeds the expectation owing to increased size of sample. 

6. It is noted that failure of replicate tests to reflect random distribution 
may be due to the variability of the technique as much as to irregularities in 
the actual distribution of the bacteria in the sample. 

7. The effect of size of sample upon reproducibility is discussed. A true 
comparison of the accuracy of various methods for assessing the bacteria 
content of milk samples cannot be obtained unless allowance is made for 
variation in size of sample as between different techniques. 


H. BARKWORTH 
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143. THE COMPARATIVE VALUES OF THE PLATE 
COUNT AND THE MODIFIED METHYLENE-BLUE 
REDUCTION TEST AS ROUTINE METHODS FOR 
GRADING MILK 


By A. A. NICHOLS ann S. J. EDWARDS 
The Hannah Dairy Research Institute, Kirkhill, Ayr 
(With 1 Figure) 


Durine the past twenty years the plate count has been largely employed as 
a means of assessing the hygienic quality of milk. There is no doubt that for 
this purpose it has proved to be of great value, and the marked improvement 
which has taken place in the quality of the milk of many producers is largely 
attributable to its use. 

Increasing evidence has, however, been recently forthcoming that the plate 
count is subject to serious errors. In 1932, for example, Malcolm (1), as a result 
of a very careful study of the errors involved in plate counts, stated that 
“from a consideration of the various points (discussed in his paper) it appears 
clear that in a very high proportion of samples. ..the plating method of esti- 
mating the bacterial content of milk may yield highly misleading results if 
only one, or even two, plates are poured for each dilution”. In 1935 Mattick 
et al.(2), investigating the plate counts obtained on the same milk at ten 
different centres, found gross variations, the range of 95 per cent of the counts 
on identical samples extending from one-ninth of the mean to nine times the 
mean. These authors go so far as to state that “owing to the wide differences 
in the results secured by the examination of portions of the same milk by 
different observers in different laboratories, it is clear that the practice of 
comparing results from one laboratory with those of another must be aban- 
doned”’. In his recent Report on the Bacteriological Grading of Milk, Wilson (3) 
confirms in general the conclusions of Malcolm and of Mattick et al. As a 
result of his own investigations Wilson states that, even when a carefully 
standardized technique is employed, an allowance of +90 per cent must be 
made in reporting the plate counts from single plates and of +64 per cent 
in reporting counts from duplicate plates. 

These facts have led Wilson to suggest the adoption of a modified methylene- 
blue reduction test in place of the plate count as the standard method for the 
bacteriological grading of milk. A similar test has been used in other countries 
with apparent success. Thornton & Hastings(4), for example, found that the 
methylene-blue reduction test was as accurate a measure of the keeping quality 
of milk as any method available, while Ellenberger et al. (5) state that the test 
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is a more reliable index of milk quality than the agar plate count. However, 
since the adoption of the reduction test would involve a fundamental change 
in the method of bacteriological grading commonly employed in this country, 
it appeared desirable to obtain further evidence regarding its suitability for 
this purpose. 


A. A. NICHOLS AND S. J. EDWARDS 


CRITERIA AS TO THE SUITABILITY OF THE METHYLENE-BLUE 
REDUCTION TEST 


Any test which is to replace the plate count as a routine method of grading 
milk should fulfil the following requirements: 


(1) The results of the test should show reasonable agreement with results 
obtained by the plate count. 


(2) The test should show as good an agreement with other measures of 
cleanliness (e.g. farm inspection, keeping quality, etc.) as does the plate count. 


(3) The test should not be invalidated by abnormalities in the milk. 


(4) The accuracy of duplicate determinations should be closer than that 
obtained with the plate count. 


The present investigation has been planned to determine whether the 
methylene-blue reduction test fulfils these requirements. For this purpose 
two series of samples have been employed. In the first series the samples were 
secured from 200 different farms. The milk was taken by means of sterile 
sampling rods from individual churns, the aliquot portions being combined 
to give a representative sample of the full morning or evening milking. The 
samples were delivered to the laboratory as soon as possible and were stored 
at atmospheric temperature. Evening samples were tested the following 
morning, when 16-18 hours old. Morning samples were tested in the afternoon 
when roughly 9 hours old. This series extended from June 1935 to December 
1935. 

In the second series about 800 samples were taken from individual churns 
as tipped into the receiving tank at the creamery. All the samples were taken 
in the morning, but no information was available to indicate whether they 
were samples of evening or morning milk. The samples were taken to the 
laboratory and tested on arrival between 11 a.m. and 1 p.m. This series ex- 
tended from December 1935 to July 1936. 

Throughout the investigation the value of the tests employed has been 
determined by calculating the correlation coefficient, which was obtained by 
the extended method. This figure provides a convenient measure of the general 
relationship of any two variables over the full range of observations. Re- 
gression equations were determined where it was desired to express one 
variable in terms of another. In all calculations plate counts were expressed 
as logarithmic values. 
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COMPARISON OF REDUCTION TEST WITH PLATE COUNT 


Speaking broadly, the plate count and the reduction test measure two 
different properties of bacteria; the plate count is a measure of their number, 
the reduction test a measure both of their number and of their activity, 
Absolute agreement between them cannot therefore be expected. On the 
other hand, since the plate count has been used successfully in grading up 
milk supplies it is obvious that, if the reduction test is to be equally successful, 
its results must run roughly parallel to those of the plate count. 

In the present investigation the plate count was determined by the method 
described in Bulletin No. 46 of the Ministry of Agriculture(6).. Details of 
technique were kept as uniform as possible. In the first series duplicate plates 
were used for each dilution. In the second series only single plates were 
employed. The methylene-blue reduction tests were carried out as described 
by Wilson (3). 

The results of the tests are shown in Table I. It will be seen that the 
correlation between the two tests is remarkably high, the correlation coeffi- 
cients agreeing closely with those obtained by Wilson. In Table II the full 
figures relating to the second series of tests have been recorded in the form of 
a frequency table. This table shows that the values for most samples fall fairly 
closely within a definite band, and that the number of serious discrepancies 
between the plate count and the reduction test is not large. 

In order to illustrate the extent of such discrepancies a further table has 
been constructed in which the reduction times corresponding to certain ranges 
of plate count are recorded (Table III). The ranges chosen are (a) under 
30,000 per ml., (b) 30,000-200,000 per ml., (c) 200,000-1,000,000 per ml., and 
(d) over 1,000,000 per ml. The table includes the results for both the first and 
second series and the totals for both series. In Table IV these figures are 
summarized as percentages. Percentages are also given for the reduction 
times of all samples under and over 200,000 per ml., since this figure has been 
commonly regarded in the past as the upper limit for good quality milks. 
Figures are included showing the percentage of samples which do not reduce 
methylene blue within 5 and 6 hours respectively. The latter figure has been 
given for comparison with Wilson’s results; the 5-hour figure has been selected 
because it represents the mean value adopted in the draft Milk (Special 
Designations) Order, 1936. 

In general the figures show reasonably close agreement with those recorded 
by Wilson. As regards the 5-hour figure it will be seen that in the two extreme 
ranges there is a clear differentiation by the reduction test. Of the samples 
giving plate counts below 30,000 per ml., 96 per cent did not reduce methylene 
blue within 5 hours, while of those with plate counts above 1,000,000 per ml. 
97 per cent reduced methylene blue within this period. The two middle ranges 
show a similar inverse relationship; 76 per cent of the samples between 30,000 
and 200,000 per ml. did not reduce methylene blue within 5 hours, while 
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78 per cent of the samples between 200,000 and 1,000,000 per ml. reduced 
methylene blue within this period. There is therefore an overlap of about 
25 per cent among these samples. This overlap is, however, reduced to about 
10 per cent when the samples are classified in two groups, i.e. above and below 
200,000 per ml. It may also be noted that of the samples giving counts of 
over 1,000,000 per ml., about 85 per cent reduced methylene blue within 
2 hours. 

One further point remains to be dealt with in this section of the work, 
namely, the calculation of the equivalent values of the plate count and re- 
duction test. These have been determined from regression equations and are 
shown in the lower part of Table I. It will be seen that for the first series the 


Table I. Correlation coefficient (r) for methylene-blue reduction test 
and logarithm of plate count 





r Standard error 
Series 1: Morning samples -0-791 0-041 
Evening samples — 0-768 0-040 
Series 2: All samples —0-818 0-013 
Regression equations Plate count 
Value of y per ml. 
when equivalent 
x=log 5:30 Valueofx to value in 
—_, when __ preceding 
hr. min. y=5-0hr. column 
Series 1: Morning samples x= —0-310y+ 6-34 4-79 61,700 
y= -2-02¢ +15-192 4 29 
Evening samples x= —0-284y+ 6-312 4-89 77,600 
y= —2-070x + 15-667 + 42 
Series 2: All samples x= —0-269y+ 6-514 5-17 148,000 
y= —2-486x + 18-17 4 59 


Where x=logarithm of the plate count, and y=time in hours required to reduce methylene 
blue in the reduction test. 


Table II. Frequency table 


Methylene-blue reduction time in half-hours 
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reduction time equivalent to a plate count of 200,000 per ml. falls between 
44 and 43 hours. For the second series the value is 5 hours. The figure inter- 
polated from Wilson’s data is roughly 5} hours. These discrepancies appear 
to be due to the different distribution of high and low plate counts in the 
various series. In the first series the counts of 81 per cent of the samples fell 
below 200,000 per ml., and only 19 per cent showed counts above this value. 
The equivalent figures for the second series were 71 and 29 per cent, and for 
Wilson’s series 64 and 36 per cent respectively. Similar differences are found 
in the regression equations relating reduction time to plate count. Forexample, 
a reduction time of 5 hours corresponds in the first series to a count of about 
70,000 per ml., in the second series to a count of 148,000 per ml., and in 
Wilson’s series to a count of over double this figure. It appears therefore that, 
if regression equations are used to relate plate counts to reduction times, it is 
essential that the samples examined should constitute a representative cross- 
section of the milk supply. 


A. A. NicHots AND S. J. EDWARDS 





COMPARISON OF PLATE COUNT AND REDUCTION TEST WITH OTHER 
MEASURES OF CLEANLINESS 


In order to determine whether the reduction test gives as accurate an 
index of the true cleanliness of milk as the plate count, it is necessary to 
ascertain how far each of these tests can be correlated with other measures 
of cleanliness. For this purpose two general methods were employed: (a) the 
tests have been correlated with three other laboratory tests, i.e. keeping 
quality, presumptive coliform test and laboratory post-pasteurization count; 
and (b) the tests have been correlated with the conditions of milk production 
as judged by farm inspection. 


CORRELATION WITH OTHER TESTS 


Keeping quality was determined by the method described in Bulletin 
No. 46 of the Ministry of Agriculture (6), the samples being stored at 60° F. 
and tasted at 9a.m. and 6 p.m. The final results were expressed in } days 
and were not converted into “true life” hours. The presumptive coliform test 
was also determined by the method laid down in the same publication. 
Laboratory post-pasteurization counts were made by the method described 
by Anderson & Meanwell (7). 

The correlation coefficients are given in Table V a. Both the plate count 
and the reduction test show a fairly high correlation with the keeping quality 
and an equally high correlation with the presumptive coliform test. The 
correlations with the laboratory post-pasteurization counts are only moderate. 
It seems possible that the exceptionally low correlation with the reduction 
test, especially for the samples of evening milk, is associated with the effect 
of storage temperature on the reduction time. Any deterioration in the milk 
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which is due to the multiplication of bacteria at high storage temperatures is 
not believed to affect the post-pasteurization count seriously (8), whereas (as 
will be shown later) the reduction test is a very sensitive indication of high 
storage temperatures. 

Taken as a whole, however, the results show that the reduction test gives 
as good correlations with other tests of cleanliness as does the plate count. 


Table V. Correlation coefficients 





Morning Morning +evering Evening 
samples samples samples 
A AN 
\ 
Standard Standard Standard 
Variables r error , error F ps 
A. Series 1: 

Methylene-blue reduction test at 37°C. Keeping quality +0-707 0-054 _ _— +0-639 0-056 


at 60° F. 


Log plate count at 37°C. Keeping quality at 60° F. —0-535 0-077 = — —0-679 0-051 
Methylene-blue reduction test at 37°C.. Log post- —0-444 0-086 — ae —0-194 0-091 
pasteurization plate count at 37°C. 

Log plate count at 37°C. Log post-pasteurization plate +0-539 0-076 — _ +0330 0-085 
count at 37°C, 

Series 2: 

Methylene-blue reduction test at 37°C. Presumptive oo — —0-672 0-021 — - 
coliform test at 37°C. 

Log plate count at 37°C. Presumptive coliform test at — _ +0-566 0-024 — _ 
37°C, 

. Series 1: 

Methylene-blue reduction test at 37°C. Total score farm — _— +0:093 0-073 - 
inspection, i.e. equipment and methods of production 

Log plate count at 37°C. Total score farm inspection, i.e. — — —0:179 0-072 _ - 
equipment and methods of production 

Methylene-blue reduction test at 37°C. Total score for +0:227 0-104 “= o +O-141 0-104 
methods of production 

Log plate count at 37°C. Score for methods of production —0347 0-073 = = —0:206 0-101 

Methylene-blue reduction test at 37°C. Score for general +0:093 0-108 ca _ — - 
cleanliness and cleaning of cows before milking 

Log plate count at 37°C. Score for general cleanliness —0-248 0-102 _ — = + 
and cleaning of cows before milking 

Methylene-blue reduction test at 37°C. Score for cleanli- +0-078 0-108 _— _ — = 
ness and sterilization of utensils 

Log plate count at 37°C. Score for cleanliness and sterili- +0:120 0-107 = — = = 
zation of utensils . 

. Methylene-blue reduction test at 37°C. Temperature at —0-430 0-088 _ — —0-724 0-045 

testing 

Log plate count at 37°C. Temperature at testing +0:158 0-105 — _ +0-467 0-074 


CORRELATION WITH CONDITIONS OF PRODUCTION 


Detailed inspections were made of the conditions of milk production on 
the 200 farms included in the first series. A comprehensive score card was 
used in which major emphasis was placed on the methods of production 
(150 marks) rather than the equipment (50 marks). Particular attention was 
paid to the treatment of utensils, one-third of the total marks for methods of 
production being allotted to this item. 

It will be seen from Table V B that all the correlations between farm in- 
spection scores and plate count or reduction test are of a low order. The 
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highest correlations are shown with the total score for methods of production; 
the remaining correlations are so low as to be of little significance. Wilson (3) 
found similar difficulty in obtaining satisfactory correlations between con- 
ditions of production and the two tests. He pointed out, however, the very 
considerable effect produced by the storage temperature of the milk subsequent 
to production. In the present investigation the temperatures of storage were 
not recorded, but the temperatures at the time of testing were noted. This will 
reflect roughly the storage temperature. The correlation coefficients between 
the temperatures at time of testing and the two tests were therefore calculated. 
The results, shown in Table V ¢, illustrate the very marked effect of storage 
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Fig. 1. Scatter diagram illustrating relation between reduction time 
and temperature at testing. 


temperature on both plate counts and reduction times. The effect is also 
illustrated in Fig. 1. From this figure it will be seen that for every increase 
of 4° F. in the temperature at testing there was on the average a decrease in 
reduction time equivalent to 70 min., and an increase in the plate count of 
roughly 150 per cent. The effect is, as might be expected, more marked in the 
evening samples than in the morning samples, the respective correlation coeffi- 
cients being — 0-724 and — 0-430 for the reduction test and +0-467 and +0-158 
for the plate count. It is obvious that the temperature of storage will seriously 
affect the farm inspection correlations, and this may largely account for the 
low correlation coefficients obtained. Moreover, it would be expected that the 
effect would be more marked in the evening than in the morning samples. 
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No direct comparisons are available, but it will be noted that the correlation 
coefficients for methods of production which were calculated for both morning 
and evening samples are lower than those calculated for morning milk alone. 
One further point may be mentioned. It will be seen that the temperature 
of storage affects the reduction test to a greater degree than the plate count. 
This finding agrees with Wilson’s statement that ‘‘the reduction test is con- 
siderably more sensitive to growth of bacteria than is the plate count”. 


THE EFFECT OF ABNORMAL MILK ON THE REDUCTION TEST 


It has been suggested that the results of the reduction test may be seriously 
invalidated by the presence of abnormal milk, and particularly by milk from 
cows affected with bovine mastitis: If this were true it would certainly con- 
stitute a serious criticism of the test, since between 60 and 80 per cent of mixed 
milk supplies from individual farms have been found to contain mastitis 
streptococci (9, 10). 

Abnormal milk might interfere with the results of the reduction test in 
one of two ways: the presence of cells in the abnormal milk might affect the 
reduction time, or the presence of mastitis streptococci might modify the rate 
of reduction of the methylene blue. It will be sufficient to note briefly the 
general findings on these two points. 

As regards cell content, the weight of evidence appears to show that the 
presence of large numbers of leucocytes shortens the reduction time. This fact 
was observed by Bahr(1l), by Barthel(2) and by Skar(3). Wilson(3), who 
added leucocytes to sterile milk, obtained somewhat indeterminate results, 
but although on occasion the presence of the added cells shortened the re- 
duction time, in no instance did it increase it. Thornton e¢ al.(14) found that 
newly calved cows’ milk and milk at the end of lactation both shortened the 
reduction time. 

As regards mastitis streptococci, it is well recognized that the prevailing 
type (Str. agalactiae) does not reduce methylene blue at certain dilutions. 
Plastridge et al. (15) found, for example, that reduction was prevented in milk 
containing 1/5000 methylene blue, while failure to reduce the dye at 1/20,000 
dilution is one of the properties employed for differentiating this organism. 
This does not imply that the 1/200,000 dilution of the dye (which is used in 
the reduction test) will inhibit the growth of Str. agalactiae. Frazier & 
Whittier (16) have shown that, in pure culture, the reduction of milk to a 
potential sufficient to decolorize methylene blue might take up to 24 hours. 
Ramsdell et al.(17) have shown that milk from infected quarters, milked into 
sterile bottles and tested almost immediately, failed to reduce methylene blue 
within+8 hours. Contrary evidence has been recorded by Bryan & Trout(18) 
who found a definite decrease in the quality of milk from individual infected 
cows and infected quarters as determined by the reduction test. Thornton 
et al. (14), investigating abnormally short reduction times which occurred per- 
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sistently on one farm, found that the majority of cows in the herd were 
suffering from mastitis, and further search revealed that many such milks 
would reduce methylene blue almost immediately after milking. 

Most of the evidence noted above was obtained either on specially inocu- 
lated samples of milk or on milk taken under sterile conditions from individual 
infected cows. Such results cannot be directly applied to mixed milks where 
a normal bacterial flora may be expected to predominate. In order to obtain 
evidence regarding this latter point, the milk samples used in the present 
investigation were examined to determine the presence or absence of mastitis 
streptococci. 

As regards technique the selective medium devised by Edwards (19) was 
used. It was decided that the criterion of infection should be the presence of 
colonies of Str. agalactiae, either the B-haemolytic or the non-haemolytic 
varieties. With the 8 type diagnosis was based on colony appearance alone; 
if the non-haemolytic variety was suspected the nature of the colony was 
verified by fermentation tests. 

In the first series the plates were made from dilutions of 1/10, 1/100, and 
1/1000. It was thus possible to obtain a B-haemolytic plate count in this 
series. In the second series the plates were inoculated directly with a saline 
suspension of centrifuged deposit. This enabled the samples to be differen- 
tiated into those showing and those not showing infection with mastitis, but 
provided no definite colony count of the milk. 

In practice it was found that infection was principally due to the B-haemo- 
lytic variety, and nearly all the samples classified as infected contained these 
organisms. Organisms of the non-haemolytic variety may, however, have 
also been present in such samples. 

The results may be considered from two aspects. In the first place corre- 
lation coefficients were calculated to determine the relationship between the 
B-haemolytic count and the plate count and reduction tests. The figures are 
shown in Table VI. It will be seen that both tests show an unexpectedly high 
correlation with the B-haemolytic count, a high B-haemolytic count being 
associated with a high total plate count and a short reduction time. The 
presence of increasing numbers of £-haemolytic streptococci tends, therefore, 
to shorten rather than to lengthen the reduction time. It may be noted that 
the regression equation relating B-haemolytic count to total plate count is 
given by «=0-762 y—0-145. This indicates that for a total plate count of 
200,000 per ml. the equivalent B-haemolytic count would be roughly 3800 
per ml. The latter does not constitute a large fraction of the total plate count. 

Turning to the second method of comparison, correlation coefficients be- 
tween total plate count and reduction test have been calculated for the infected 
and the non-infected groups using both the first and second series of samples. 
The results are again shown in Table VI. It will be seen that for the first 
series (where the number of samples was relatively small) the correlation 
coefficient is slightly higher in the infected than in the non-infected group. 
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For the second series the difference is in the same direction, but is very small, 
The presence of infected milk has not therefore materially affected the corre- 
lation between plate count and reduction time. 


Table VI. Correlation coefficients 
Morning and 


evening Standard 
Variables samples error 
Methylene-blue reduction test at 37°C. and log Series 1 — 0-621 0-071 
B-haemolytic plate count at 37°C. 
Log plate count at 37°C. and log B-haemolytic Series 1 +0-657 0-065 
plate count at 37°C. 
Samples showing the presence of mastitis organisms: 
Log plate count at 37°C. and methylene-blue Series 1 — 0-856 0-030 
reduction test at 37°C. ; Series 2 -— 0-818 0-020 
Samples not showing the presence of mastitis organisms: 
Log plate count at 37°C. and methylene-blue Series 1 — 0-729 0-061 
reduction test at 37°C. Series 2 — 0-792 0-019 


A more striking illustration of this fact is available from a study of the 
regression equations. These are given in Table VII. They show that, taking 
a plate count of 200,000 per ml., the equivalent reduction times in the first 
series are for the infected group 3 hr. 56 min. and for the non-infected group 
4 hr. 47 min., i.e. the infected group reduced the methylene blue more quickly 
than the non-infected. It is, however, probable that this difference is due to 
the small number of samples included in the first series: in the second series 
the equivalent times are 5 hr. 7 min. and 5 hr. 6 min. respectively. 


Table VII. Regression equations 
Value of y when 
x=log 5-301 





a Y 
Samples showing the presence of mastitis organisms: hr. min. 
Series 1 x= -0-276y+ 6-20 
y = —2-659x + 18-02 3 56 
Series 2 x= -—0:256y+ 6-519 


or 


y = — 2-620x + 19-012 


Samples not showing the presence of mastitis organisms: 


Series 1 x= —-0-27ly+ 6-00 

y = — 1-965x + 15-195 4 47 
Series 2 x= —2-660y+ 6-452 

y = —2-363x + 17-614 5 6 


Where x=logarithm of the plate count, and y=time in hours required to reduce methylene 
blue in the reduction test. 


It may be concluded from the above results that, so far as mixed milks 
are concerned, the presence of milk from herds containing animals infected 
with streptococcal mastitis does not invalidate the methylene-blue reduction 


test. 
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THE RELATIVE ACCURACY OF THE PLATE COUNT AND 
THE REDUCTION TEST 


It is difficult to make any direct comparison between the accuracy of the 
plate count and the reduction test owing to the relatively large intervals which 
are measured by the latter. It is possible from the regression equations given 
in Table I to express these intervals in terms of the plate count. Thus from 
the equation for the second series (x= —0-269y+6-514) the equivalent plate 
counts for 5 and 53 hours’ reduction time are 148,000 and 108,000 per ml. 
respectively. That is to say, the plate count equivalent to the 5-hour reduction 
is about 35 per cent higher than that given by the 54-hour reduction. Since 
the plate counts are expressed logarithmically in the regression equation, this 
percentage difference per $-hour reduction time will hold throughout all ranges 
of plate counts and reduction tests. It may, however, be assumed that, where 
mistakes occur in determining the reduction time they will on the average 
be unlikely to exceed 15 min., i.e. the mean of two }-hour observations. This 
will involve a possible error of roughly 17 per cent. 

It has, moreover, been found in practice that discrepancies between dupli- 
cate reduction tests are very infrequent. Of 367 duplicate tests made in the 
present investigation, 348 gave identical reduction times. Eighteen duplicates 
differed by $ hour and one by 1 hour. It may also be noted that only three 
out of these nineteen samples had reduction times of less than 6 hours, while 
twelve had reduction times of 8 hours or more. Only two of the observed 
discrepancies fell within the critical range of 44-5} hours which form the 
present limits for officially graded milks. In the introduction to this paper 
attention was drawn to the relatively large errors involved in determining 
plate counts. It appears from the above facts that the reduction test, although 
it involves an inherent error of about 17 per cent due to the }-hour periods 
between readings, is likely to give more consistent and more easily duplicated 
results than the plate count. 


CoNCLUSIONS 


Summarizing the evidence and discussion noted above, it appears that the 
modified reduction test fulfils the criteria suggested in the second section, in 
that (a) the results show reasonable agreement with those obtained by the 
plate count; (b) the modified reduction test shows as good an agreement with 
other measures of cleanliness as does the plate count; (c) the modified re- 
duction test, when applied to mixed milk, is not invalidated by the presence 
of abnormal milk; and (d) the variability of the modified reduction test is 
less than that of the plate count. 

It must not be inferred from these conclusions that the authors consider 
the plate count to be redundant. It would, however, appear that its greatest 
value is as a supplementary test; for example, to trace out individual sources 
of contamination. Other tests (for instance, the presumptive coliform test, 
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the laboratory post-pasteurization count, and the keeping quality test) also 
have their special uses. But for the general purpose of classifying milk ac- 
cording to bacteriological quality, the methylene-blue reduction test appears 
to have outstanding advantages. 
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144. OBSERVATIONS ON THE RIPENING OF CHEESES 
MADE FROM RAW AND PASTEURIZED MILK 


By I. R. SHERWOOD 
Dairy Research Institute (N.Z.), Palmerston North, New Zealand 
(With 5 Figures) 


PASTEURIZED milk is commonly used in New Zealand for the manufacture of 
Cheddar cheese. The resultant cheese ripens somewhat more slowly than raw- 
milk cheese, but, provided that the pasteurization temperature is not too 
high, the quality of the cheese made from day to day is more uniform than 
would be possible with the use of raw milk. 

The pasteurization of milk for manufacture introduces certain changes in 
the course of protein decomposition during the ripening process. Van Dam (1), 
working with Edam cheese, observed that in cheese made from pasteurized 
milk the protein broke down somewhat more slowly than in raw-milk cheese. 
He also found that pasteurized-milk cheese was characterized by a low pro- 
portion of amino acids. Unfortunately, it has not been possible to consult 
the original published account of this work. Moir(2) noted a similar nitrogen 
partition effect with Cheddar cheese, and he attributed it to the presence of 
a less diverse flora and consequently of less bacterial action, in the pasteurized- 
milk cheese. As regards the extent of protein decomposition, however, Moir 
did not obtain concordant results. The reason for this appears to lie in the 
large variations in acid development which occurred during manufacture of 
many of the cheeses that he compared. More recently, Lane & Hammer(3) 
also found that pasteurization of the milk employed for cheese manufacture 
led to a reduction in the extent of protein decomposition in the cheese. 

In view of the importance of rennet as a proteolytic agent in cheese (4, 5) 
it was of some interest to determine whether the above-mentioned differences 
in protein degradation between pasteurized-milk cheese and raw-milk cheese 
result directly from diminution in the natural milk flora, caused by pasteuriza- 
tion of the milk, or whether chemical changes produced in the milk by heat 
treatment are sufficient to modify the proteolytic action of the rennet upon 
the cheese curd during the ripening process. The present investigation was 
therefore designed to study the changes induced by rennet in pasteurized milk 
and in pasteurized-milk cheese in the absence of bacterial action. 


A. THE PROTEOLYTIC EFFECT OF RENNET, PEPSIN AND TRYPSIN UPON MILK 
PASTEURIZED AT DIFFERENT TEMPERATURES 


In this section attention is confined to the effect of the common proteolytic 
enzymes, rennet, pepsin and trypsin, upon milk pasteurized at various tem- 
peratures and protected from bacterial action by means of chloroform. The 
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nitrogen changes occurring in cheese manufactured from pasteurized milk 
will be described in Section B. 


Methods employed 


350 ml. lots of skim milk (all from the same bulk sample) were pasteurized 
at the desired temperatures for $ hour. After an addition of 2 per cent 
chloroform, equal amounts of the enzyme under study were added to each 
portion of milk and the flasks were kept, with occasional shaking, at 20°C. 
for 5 days. (With trypsin 1 day’s incubation was found to be sufficient.) 

Analyses were conducted by the Wasteneys & Borsook technique (6). 


Results of analysis 
In order to conserve space only three typical analyses, in each instance, 
are given. 





Table I 
Temp. of All as % N.P.N. 
pasteuri- N.P.N.  - a 
zation (as % Sub- 
Enzyme (° F.) total N) Proteose N Peptone N peptone N 

Rennet (factory Raw (a) 55 65:5 20-6 13-9 
sample) 1-4 % (b) 4-1 69-6 18-7 11-7 
(c) 4-0 60-6 24:3 15-1 
140 (a) 4:8 65°5 20-9 13-7 
(b) 36 69:5 18-2 12:3 
(c) 35 61-4 24-4 14.2 

150 (a) _ _ “~ nt 

(b) _ -— oo aa 

(c) 35 — — — 

160 (a) 6-2 75-0 10-9 14-1 
(b) 3-0 76-0 15-5 8-5 

(c) 3-1 67-2 20-6 12-2 

180 (a) 6:3 74:0 10-3 15-7 

(b) 3-4 - one wep 
(c) 3-4 65:3 20-9 13:8 
212 (a) 6-6 73:7 11-7 14-6 
(b) 3:5 73-9 14-2 11-9 
(c) 3-4 65-0 24-2 10-8 
Pepsin (B.D.H.) Raw (a) 16-8 64-3 25-2 10-5 
0-6 % (b) 12-8 62°3 26-3 11-4 
(c) 14-2 61:5 22:9 15-6 
140 (a) 16-2 67-2 24-0 7:8 

(b) 9-3 60-1 27-1 10-7 
™ «(6) 14-1 32-2 24-5 13-3 

150 (a) 15-6 — — == 

(b) a — = — 
(c) 14-1 62-6 25-0 12-4 

160 (a) 15-7 68-1 23:8 8-1 
(b) 9-1 61-8 29-6 8-6 

(c) 13-7 63-6 22:8 13- 

170 (a) 17-2 — a _ 
(6) — — — — 

(c) 13-8 60-8 24:5 14:7 

212 (a) 17-4 68-8 28-9 43 

(b) 10-3 63-4 28-2 8-4 


(c) 14-0 63-7 23-1 13-2 














Enzyme 
Trypsin (Allen 
& Hanbury) 

0:3 % 


Trypsin (B.D.H.) 
0-1 % 
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Table I (continued) 


N.P.N. 
(as % 
total N) 
21-6 
24:3 
17-9 
23-8 
25:8 
19-1 
24-2 
26-0 
19-4 
25-2 
26-4 
19-7 
25-2 
26-7 
20-2 


All as % N.P.N. 
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It will be observed that, with rennet and to a less extent with pepsin, 
a rise in pasteurization temperature caused a decrease in protein degradation 
until a temperature between 140 and 160° F. was reached. Thereafter, a further 
rise in temperature resulted in increased breakdown until at about 170° F, 
a practically constant level was attained. As would be expected, the use of 
different samples of milk and commercial rennet yielded some variations in 
this respect. Within the temperature range 140-160° F. the type of nitrogen 
partition induced by rennet underwent marked change. Higher pasteurization 
temperatures exerted little further influence. 
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x x B.D.H. trypsin 0-1 per cent. « Allen and Hanbury’s trypsin 0-3 per cent. 





Two brands of trypsin (Allen & Hanbury’s liquor trypsin and B.D.H. 
solid trypsin) yielded striking, though different results. The nitrogen changes 
produced by these enzymes in milk pasteurized at various temperatures are 
shown in Fig. 1. With each enzyme it will be observed that the range of 
pasteurization temperature 150-160° F. is a critical one, being characterized, 
in the case of Allen and Hanbury’s trypsin, by an extremely large increase 
in the rate of protein decomposition, and in the case of B.D.H. trypsin by 
a sudden pause in the increasingly rapid rate of degradation. At temperatures 
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round about 160° F. also, the type of nitrogen partition induced undergoes 
alteration in the direction of more complete decomposition—an opposite effect 
from that obtaining with rennet. 

From a broad review of the results it will be seen that pasteurization of 
milk at temperatures above 160° F. leads to marked changes in its reaction 
towards the common proteolytic enzymes. The temperature range round about 
150-160° F. would seem to be a critical one characterized by some significant 
alteration in the composition of milk. Over this temperature range not only 
does the extent of protein degradation induced in milk by rennet, pepsin and 
trypsin suffer change, but the type of nitrogen partition observed usually 
alters also. With rennet the type of degradation which occurs in milk changes 
in the same direction as is observed in cheeses manufactured from pasteurized 
milk. This will be referred to again later. 

The extremely large increment in protein decomposition brought about 
by Allen and Hanbury’s trypsin in milk pasteurized at 160° F. raised the 
question as to whether it was the protein itself in milk that suffered alteration 
by pasteurization, or whether it was some other constituent that underwent 
change. Several experiments were conducted in order to gain information 
upon this point. 

The casein in milk was precipitated by means of dilute acetic acid and the 
whey, adjusted to the pH of normal milk, was divided into two equal portions. 
One sample was pasteurized at 160° F. for 4 hour; the other portion served 
as a control. The unheated casein (suspended in water) was divided equally 
between the two whey samples. Equal portions of the two “reconstituted 
milks” so obtained were pasteurized at different temperatures, and treated 
with 0-3 per cent Allen and Hanbury’s trypsin in the presence of chloroform. 
The following results were obtained (Table II). 
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Table II 
N.P.N. (as % total N) 
Pasteurization : Unheated casein and 
temperature Unheated casein and whey pasteurized 

(° F.) Control milk unheated whey at 160° F. 

Raw 26-7 29-0 42-4 

140 28-8 30-1 42-8 

160 45-4 47-3 42-7 

212 45-9 46-9 43-3 


It will be observed that the mixture of unheated casein and unheated whey 
behaved towards trypsin in exactly the same fashion as ordinary milk, showing 
that the operations of casein precipitation with acid, subsequent “reconsti- 
tution” and adjustment with alkali had no effect upon the action of the 
enzyme. It is clear from the last column that pasteurization of the whey at 
160° F. has the same effect upon tryptic action as pasteurization of the milk. 
Evidently the constituents of milk which are altered by heat must also be 
present in the “acid whey”. This conclusion was confirmed by separating off 
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the casein from a sample of the milk employed in the previous experiment, 
dissolving the casein in dilute NaOH solution and pasteurizing one-half of 
this solution of sodium caseinate at 160° F. The unheated and the pasteurized 
sodium caseinate solutions were then decomposed separately with dilute acetic 
acid and the washed caseins “reconstituted” with unheated whey. Pasteuri- 
zation of portions and subsequent treatment with trypsin yielded the following 
results (Table III). 
Table ILI 
N.P.N. (as % total N) 





Pasteurization a ee 


temperature Unheated casein and Casein pasteurized at 160° F. 
(70) unheated whey and unheated whey 
140 29-2 34:3 
160 42-5 43-8 
212 43-7 43-4 


It will be seen that pasteurization at 160° F. of the casein (as sodium 
caseinate) has no effect upon the reaction of the “reconstituted milk” with 
trypsin; which indicates, again, that the peculiar behaviour towards trypsin 
of milk pasteurized at 160° F. is not due to any direct change produced in 
the casein. 

It was thought, at first, that the constituent of the “acid whey” most 
likely to be altered by the heating process was the albumin. However, the 
increment in protein breakdown which occurs in milk samples pasteurized 
over the range 150-160° F. would seem to be rather large to be accounted for 
by the small percentage of this substance normally present in milk. Further- 
more, earlier work(s) has shown that the known changes brought about in 
albumin by heat treatment are still very far from complete at temperatures 
much higher than 160° F. During the course of the above experiments it was 
found that pasteurization at 160° F. of the “acid whey” which presumably 
contained most of the albumin, led to only a very small increase in the diges- 
tion induced in it by trypsin. 

It therefore appears that the change which occurs in milk at 150-160° F. 
is not due to alteration in the casein or albumin. It is evident that the ex- 
planation must be sought in some alteration taking place in the non-protein 
constituents of milk. There are two ways in which a change in these con- 
stituents could influence the extent of protein degradation produced in milk 
by enzymes: (1) by catalysis, (2) by alteration in the protein complex. Further 
work would be necessary to elucidate the point. 


‘ 


B. THE EFFECT OF PASTEURIZATION OF MILK ON THE PROTEIN 
DECOMPOSITION IN CHEESE 


In these experiments the milk samples, pasteurized by the flash method, 
were made into cheese, and the nitrogen changes taking place both in the 
presence and in the absence of lactic acid bacteria investigated. 
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Manufacture of cheese 


The method of manufacture was essentially the same as that described in 
previous publications(4,5,6). Milk of low bacterial count, from the Massey 
Agricultural College herd, was employed. Three series of experiments were 
carried out, in each of which two 40-gallon vats were used, one containing 
raw milk and the other flash-pasteurized milk. In the first series the milk for 
vat No. 2 was pasteurized at 155° F. For the second series the pasteurization 
temperature employed was 165° F., and in the final series this temperature 
was raised to 175° F. 

Employing the same starter in each vat, on any one day, the cheese-makers 
endeavoured to keep conditions in both vats as nearly as possible the same. 
The cheeses were ripened at a temperature of 60° F. Chemical analyses were 
carried out at regular intervals by the method described previously (6). 

In the first series of raw- and pasteurized-milk cheeses, which, actually, 
had been manufactured for another purpose, the pasteurization temperature 
(155° F.) used was the same as that employed at this Institute in normal 
cheese-making practice. Analyses were carried out on the cheeses at maturity 
only. The results showed that there was a distinct and consistent difference 
in nitrogen partition between the raw-milk and pasteurized-milk products, 
the raw-milk cheeses containing a lower percentage of proteose nitrogen and 
a higher proportion of subpeptone nitrogen than the pasteurized-milk cheeses. 
The analytical figures are not detailed here, since the two succeeding series 
illustrate all the essential features displayed by series I. 

In the second series of experiments the cheeses made on two days were 
selected as being the most comparable from a number of days’ make, and the 
ripening process was followed chemically both in the normal cheeses and also 
in portions of these which were ripened in the absence of bacterial action (4). 
For the latter purpose, pieces of the green cheeses, at an age of 7 days, were 
finely ground, 0-375 per cent of rennet in 7 per cent of water was incorporated, 
and 40 per cent of chloroform was thoroughly mixed in. The sterile cheeses 
resulting were allowed to ripen at the same temperature as the corresponding 
normal cheeses. 

A similar procedure was adopted in series III. The cheeses in this series 
were treated with chloroform when 4 days old. 

Chemical analyses and bacterial counts were carried out on the cheeses 
in both series at intervals during the ripening period. 

‘tt will be observed that chloroform was added when the cheeses were 
several days old. Previous experience (4) had shown that it was desirable to 
make the addition of chloroform at that time instead of mixing it with the 
curd immediately after salting. In order to dispose of the possibility that 
bacterial action, occurring in the cheeses during the interval of 4-7 days prior 
to incorporation of chloroform, might initiate proteolytic differences, rough 
check experiments were conducted with samples of the fresh curd. The experi- 
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ments showed that bacterial action over this interval did not introduce material 
proteolytic changes. 
RESULTS 


The analytical results are expressed graphically. In order to conserve 
space, the curves for only one set of cheeses from each of series II and III are 
given. The cheeses manufactured on other days (and the check experiments 
with curd also) yielded essentially similar results. 

Figs. 2 and 3 show the change, with age, in the soluble nitrogen (expressed 
as percentage of the total nitrogen), and in bacterial plate counts. 

Figs. 4 and 5 give an indication of the type of nitrogen partition (expressed 
as percentage of the soluble nitrogen). Since the variations in peptone nitrogen 
were not so significant as the changes in proteose and subpeptone nitrogen, 
the curves for peptone nitrogen have been omitted. They may be reconstructed, 
however, by subtracting the percentages of (proteose nitrogen +subpeptone 
nitrogen) from 100. 

Bacteriological examination of the chloroformed cheeses in all the different 
experiments, after a ripening period of 14 days, failed to reveal the presence 
of any lactic acid organisms. 


DIscussIoNn 


From Figs. 2 and 3 it will be seen that the total protein degradation is 
slightly greater in the raw-milk cheeses than in the pasteurized-milk product. 
The same effect has been noted in a large number of cheeses manufactured 
locally over several seasons. Figs. 2 and 3 also show that there is a somewhat 
greater difference between raw- and pasteurized-milk cheeses when cured in 
the presence of chloroform. 

It should be emphasized, at this stage, that similar differences found to 
occur in both normal and sterile cheese cannot be compared quantitatively 
with any accuracy. The effect, directly or indirectly, of chloroform itself upon 
protein under different conditions, especially varying enzyme concentrations, 
is not accurately known. Consequently, observed differences in nitrogen 
partition are not regarded from a strictly quantitative aspect in these papers. 
For instance, with regard to the difference in total protein degradation which 
occurs between raw- and pasteurized-milk cheeses, the important point is that 
when these cheeses are ripened in the absence of bacterial action, the raw-milk 
material still exhibits a greater extent of breakdown, which is of the same 
order of magnitude as that characterizing the normally ripened cheeses. 

It would not be legitimate to conclude from the evidence furnished by 
examination of chloroformed cheese, alone, that the greater degradation which 
occurs in raw-milk cheese is due to a difference in the action of rennet upon 
raw-milk curd and pasteurized-milk curd. Support to this view is lent, 
however, by the results recorded in Section A, where it is shown that similar 
differences are induced in raw and pasteurized milk by rennet. 
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x x Cheese from raw milk. 

x--- x Cheese from raw milk (+ chloroform). 

. + Cheese from milk pasteurized at 165° F. 

+—--+ Cheese from milk pasteurized at 165° F. (+ chloroform). 
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The experiments with milk (Section A) also confirm a phenomenon noted 
previously (7) in this Institute, viz. that if cheeses were manufactured under 
similar conditions from three samples of milk—raw, flash-pasteurized at 155° F. 
and flash-pasteurized at 165° F. respectively—then the degree of protein 
decomposition, as measured by determination of soluble nitrogen, was high 
in the raw-milk cheese, low in the 155° F. pasteurized material, and high again 
in the cheese made from milk pasteurized at 165° F. Now, if we were to 
assume that the large extent of proteolysis characterizing the raw-milk cheese 
was due to bacterial action, and that the smaller amount of breakdown 
occurring in the 155° F. pasteurized-milk cheese resulted. from thermal de- 
struction of proteolytic bacteria present in the original milk, then it would 
be extremely difficult to account for the rise in proteolysis associated with 
the 165° F. pasteurized-milk cheese. Experiments described in Section A, 
however, show that the extent of decomposition produced in milk by rennet 
diminished with rise in temperature of pasteurization up to 140-160° F., and 
then increased with higher pasteurization temperatures. From these results 
it seems reasonable to expect that if the same samples of milk were made 
into cheese, then the cheeses would behave in a similar (though not necessarily 
identical) fashion. In other words, the only simple explanation for the ob- 
served facts seems to be that heat treatment so altered the milk constituents 
that the extent of protein degradation brought about in cheeses by rennet 
was changed appreciably. 

Probably the best defined chemical difference between raw-milk cheeses 
and pasteurized-milk cheeses lies in the different types of nitrogen partition 
which they exhibit. Raw-milk cheeses invariably contain a higher proportion 
of the simpler protein breakdown products (subpeptone nitrogen) (see Figs. 
4 and 5). This difference was attributed by Moir(2) to the action of proteolytic 
bacteria in the raw-milk cheese, pasteurization of the milk bringing about, 
presumably, a selective destruction of proteolytic organisms. 

In the present investigation a number of the raw-milk cheeses and 
pasteurized-milk cheeses were analysed chemically throughout the ripening 
period. It was found that the characteristic difference in nitrogen partition 
between the two types of cheese appears very early in the life of the cheeses 
(see Figs. 4 and 5). It is evident also that a similar, though smaller, difference 
is manifested by raw-milk and pasteurized-milk cheeses, ripened in the 
presence of chloroform. Thus it would appear that the phenomenon is not 
due entirely to bacterial action, but arises, in some degree at least, from the 
different proteolytic action of rennet upon the two differently constituted 
cheese curds—pasteurization of milk leading to a chemical alteration in the 
resulting cheese curd, as compared with the raw-milk material. Moreover, 
evidence supporting this contention is forthcoming, once more, from Section A. 
Table I illustrates analogous reactions of raw milk and pasteurized milk 
towards rennet. 

The above conclusions do not preclude bacterial action as a factor in 
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establishing the kind of nitrogen partition observed in cheeses. It has already 
been demonstrated (4) that while bacterial action does not appear to affect 
greatly the extent of protein breakdown which occurs during the course of 
cheese-ripening yet it is of importance in its influence upon the type of partition 
induced. This point is well illustrated in Figs. 4 and 5 where, it will be seen, 
the normal cheeses exhibited a lower proportion of proteose nitrogen, and a 
higher proportion of subpeptone nitrogen, than the cheeses ripened in the 
presence of chloroform. The more complete degradation observed in the 
normally ripened cheeses was probably due to bacterial action. The present 
investigation, however, has shown that heat treatment of milk so alters its 
chemical nature that several of the common proteolytic enzymes do not react 
with it in the same manner as they do with raw milk. It is suggested that a 
similar condition might also hold for the proteolytic action of the lactic acid 
bacteria, and that their enzymes might form a smaller proportion of proteose 
nitrogen in pasteurized-milk cheese than in raw-milk cheese. 

It is common knowledge that raw-milk cheeses generally yield somewhat 
higher plate counts than do pasteurized-milk cheeses. The larger numbers of 
bacteria usually present in the former also probably lead to relative accumu- 
lation of subpeptone nitrogen. At present, however, it is not possible to assess 
accurately the importance of this factor. 

It may be emphasized that in order to account for the smaller proportion 
of subpeptone nitrogen (i.e. less complete protein degradation) which occurs 
in pasteurized-milk cheese, it is unnecessary to postulate selective destruction 
of the more proteolytic bacteria in milk by pasteurization, since the chemical 
changes brought about in milk by pasteurization have been shown to be 
sufficient to account, very largely, for the differences in nitrogen partition 
actually observed between raw-milk cheeses and pasteurized-milk cheeses. 


SUMMARY 


The proteolytic action of rennet, pepsin and trypsin upon milk pasteurized 
at various temperatures has been investigated. It was shown that the action 
of these enzymes in pasteurized milk differed from their action on raw milk. 
The change was especially marked over the temperature range of 150-160° F., 
and was shown to be due, not to alteration in the protein itself, but probably 
to some change in the non-protein constituents of milk. 

The results were applied in a study of cheeses made from raw milk and 
from pasteurized milk. It was demonstrated, with the aid of cheeses ripened 
in the absence of bacterial action, that the differences in nitrogen partition 
which occur between cheeses made from raw milk and from pasteurized milk 
could be largely accounted for on the basis of chemical alteration produced 
in the milk constituents by heat treatment—this alteration affecting the 
proteolytic action of rennet and bacteria upon the cheese curd. 
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INTRODUCTION 


THE effect of foodstuffs on tinplate containers has been extensively investi- 
gated, but with particular reference to fish, meat, vegetables and fruit; and 
from this aspect Morris & Bryan(1) have compiled a comprehensive survey of 
existing knowledge. Little work, however, has been done on the corrosion of 
cans by dairy foodstuffs and the consequent deterioration of the product. 
This preliminary investigation has been initiated by defects in canned cream 
which must be considered as a potential source of danger to the cream-canning 
industry. The defects are discoloration of the can and, what is more serious, 
of the contents. 

Blackening of the surface of the metal in canned foodstuffs, notably marine 
products, mutton and corn has been reported by Dill & Clark 2), and Fitzgerald 
et al.(3), as due to the formation of tin sulphide produced by volatile sulphur 
compounds. It was noticed, however, that while the formation of tin sulphide 
caused a discoloration which was confined to the surface of the metal, the 
formation of iron sulphide was more serious since it might become deposited 
throughout the food. The liberation of sulphide-sulphur by heat is suggestive 
of proteolysis (Norton(4)), and it may be noted that the small incidence of 
blackening that occurs in canned fruits is usually ascribed to the introduction 
of extraneous sulphur. 


DESCRIPTION OF DEFECTS 


Detailed examination of a number of cans of a proprietary brand of cream 
which had undergone some months of storage revealed several distinct kinds 
of trouble. 

(1) The can showed marked “bronzing” or “purpling” due to the forma- 
tion of an adherent film on the tin surface (Plate I, Figs. 1 6, 2 6). The metal 
underneath was very slightly attacked, giving the “spangling” or “feather- 
ing” effect similar to that often found in fruit cans. 

(2) The can exhibited a “corroded” appearance, due to the formation in 
the tin of large areas of minute pits very close together (Plate I, Fig. 1c). Large 
areas of discoloured cream were found at the sites of attack when this was severe 
(Fig. 3a), and loose black specks were found throughout the body of the cream 
(Fig. 3b). 
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Fig. la. Unattacked. 





Fig. 1b. Purpling. Fig. le. Pitting. 





Fig. 2a. Unattacked. Fig. 2b. Purpling (produced 
experimentally). 





Fig. 3a. Discoloured patches on Fig. 3b. Typical black specks in 
defective lid. affected cream. 
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Generally both types of defect occurred together, but certain of the cans 
showed only the one or the other. There was a tendency for purpling to be 
worse on one end of the can, and pitting on the other. 


EXAMINATION OF DEFECTS 


The bronze or purple film was found to be not soluble in dilute hydro- 
chloric acid, though the concentrated acid at once dissolved the film. It was 
soluble in caustic soda, and the solution on acidifying with acetic acid gave 
a positive sulphide test with lead acetate. The nitroprusside test was also 
positive. There is thus no doubt that the film consists of stannous (or stannic) 
sulphide. 

The contents of twenty-five of the above cans were examined for pH, 
presence of sulphide, tin and iron. pH was determined by glass electrode with 
a Cambridge Instrument Co. valve electrometer. Sulphide was detected by 
the nitroprusside test. Tin was detected, in a sample previously boiled with 
1: 1-hydrochloric acid, by means of 4-methyl-1 : 2-dimercaptobenzene, intro- 
duced by Clark(5). Iron was detected in a sample similarly treated, with 
thioglycollic acid. The results of the tests are given in Table I. 


Table I. Tests of commercial cream 








Cream 
r —— + Can 
Nitro- Black : + 

Can pH prusside Iron Tin specks Purpling _ Pitting 

1 6-71 - - +++ + - +++ 

2 6-93 + + +++ - ~ a + 

3 6-93 + + - = er - + 

4 6°85 + + + + + + - ++ 

5 6-78 +> + _ - ++ + + 

6 6°73 + - - = ee Si 

a 6-63 ++ (+) - + + + 

8 6-59 ++ ++ ++ - + + + 

9 6-80 ++ (+) - + ++ + 
10 6-63 ++ ++ + a oli 5 (+) -t-F 
1] 6°81 + 1s € - + + 
12 6-87 ++ 5 ea + + + 
13 6-73 +++ + ++ + + + 
14 6-78 ++ + - ~ - + 
15 6-65 ++ - 2 - ++ + 
16 6-85 + +++ - - < 
17 6-92 +++ Si (+) - ++ ++ 
18 6-78 + + + (+) _ + 17 
19 7-87 ++ + - + + + 
20 6-78 ++ + - ~ ++ ++ 
21 6-81 + ++ - - - . 
22 6°75 + + + + - + + + 
23 6-87 ++ (+) ~ * ‘it + 
24 6-61 ++ ++ ++ ~ ++ 
25 6-58 + + + aie a + ++ ++ 


It may be seen from the results that when black specks were found, either 
iron or tin, and usually both, were found in a sample of the stirred cream. 
Tests on the black specks themselves showed that they consisted of ferrous 
sulphide or stannous oxide, being usually a mixture containing both iron, tin 


and sulphide. 
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There appears to be some tendency for greater amounts of tin to be taken 
up by the more acid creams, but there is no evident correlation between the 
acidity and the amount of iron taken up, or purpling produced. 

It is notable that all but one of the samples gave positive tests for sulphur 
with nitroprusside. 


Discoloration and Corrosion in Canned Cream 


SOURCE OF SULPHUR IN CREAM 


Cysteine and methionine are the most probable forms of “volatile” sulphur 
in canned cream, being produced by the effect of heat with consequent de- 
naturation of the proteins. The liberation of such compounds containing free 
—SH groups has been demonstrated experimentally as follows. 

Monax test tubes containing 5 g. of cream were sealed off and heated in 
a thermostatically controlled bath. It was found that the majority of the 
creams gave positive nitroprusside tests after 30 min. at 120°C., but that the 
addition of small amounts of alkali and/or the presence of metal in the form 
of a strip of tinplate caused a reduction in the time and temperature necessary 
to produce a positive test for sulphydryls. The maximum catalytic effect was 
noticed when both alkali and metal were present. In similar fashion blackening 
of tinplate strips (cut from sound unused 6 oz. cans) could be produced in 
tubed samples of cream by severe heat treatment, but the time and tem- 
perature of heating necessary to produce such blackening was decreased by 
the addition of small amounts of alkali to the cream; the presence of blackening 
was invariably accompanied by a positive nitroprusside test. Furthermore, 
dilute solutions of cysteine hydrochloride processed in cans gave typical 
“purpling”, which was accentuated by the addition of small amounts of 
sodium bicarbonate. This evidence was suggestive that similar factors might 
control this particular defect in commercially canned cream, since in pro- 
cessing the cream is exposed to various degrees of heat for varying times, 
varying amounts of alkali are added as stabilizer and the cream must of 
necessity come in contact with the metal surface of the can. Accordingly a 
number of batches of cream have been processed under different conditions. 


PROCESSING PROCEDURES 


A sufficient quantity of milk to produce 4 gallons of cream of approxi- 
mately 23 per cent butterfat was separated at 95° F. Stabilizer, if desired, 
was then added in aqueous solution made up to 200ml. After vigorous 
stirring the cream was homogenized at 110° F. and emerging from this process 
at 125° F. was immediately poured into 6 oz. cans, seamed and sterilized in 
a rotating sterilizer. At the conclusion of the sterilizing period the sterilizer 
was filled with cold water and the cans allowed to rotate until they were just 
warm to the touch. The cans were then stored at room temperature, which 
varied from 15 to 20°C. Twenty hours after processing a sample from each 
can was taken, the condition of the can observed and the pH of the cream 
(by quinhydrone) and its reaction to the nitroprusside test determined. These 
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determinations were repeated with other cans after storage for 2 and 6 weeks, 
the pH measurements here being made by glass electrode. Special experiments 
showed a satisfactory agreement between quinhydrone and glass electrode 








determinations of pH in the cream. 
Table II records analyses of individual creams used in experimental 


batches. Tables III—V record observations on cans from each batch at various 


intervals after packing. 


Titratable Nitrogen (mg./100 g.) 
acidity > 
Butterfat (ml. V/10 pH Non- Non- 
Batch % NaOH)  (quinhydrone) Total casein protein 
1 25-0 1-1 6-75 472 103 30 
2 24-0 1-3 6-67 456 135 69 
3 25-0 1-1 6-73 371 134 34 
4 26-0 1-3 6-69 449 123 28 
5 23-0 1-2 6°57 370 86 22 
6 26-0 1-2 6-55 464 110 37 
7 25-0 1-5 6-71 449 132 35 
8 26-0 1-3 6-60 457 118 34 
9 23-0 1-3 6-58 322 92 26 
10 25-0 1-0 6-74 465 97 27 
1] 23-0 ]-2 6-79 428 105 21 
12 23-0 0-9 6-56 308 109 92 
Table III. Effect of sterilization time 
Stabilizer 
g. Homogeni- pH Sterilization 
NaHCO, zation before a ‘ 20 hours 2 weeks 6 weeks 
per pressure __ sterili- Temp. Time ———~—_— Nes : ey aa 
Batch gallon) (Ib./in.*) zation “Gi min pH Purpling pH Purpling pH Purpling 
1 5-0 3300 6-89 117-118 25 6-47 - 6-45 — (+) 643 —(+) 
5-0 3300 6-89 117-118 30 6-53 6-48 _ 6-43 —(+) 
5-0 3300 6-89 117-118 40 6-43 6-34 6-38 - 
5-0 3300 6-89 117-118 50 6-63 6-48 6-45 ++ 


Table II. Analysis of experimental creams 


+ indicates “ purpling”, ( +) indicates slight pitting, in Tables II-VI. 


It is evident that increase in the time of sterilization leads to considerable 


increase in the amount of “purpling” produced. 


Stabilizer 
(g. Homogeni- pH Sterilization 
NaHCO, zation before a 20 hours 2 weeks 6 weeks 
per pressure _ sterili- Temp. Time —_____—_—. ———,, — ‘ 
Batch gallon) (lb./in.2) zation °C. min. pH  Purpling pH  Purpling pH  Purpling 
2 5-0 3300 6-83 114-115 25 6-65 - 6-69 6-67 - 
5-0 3300 6-83 114-115 40 6-65 - 6-45 (+) 643 —(+) 
5-0 3300 6-83 117-118 25 6-43 6-40 643 —(4) 
5-0 3300 6-83 117-118 10 6-48 6:38 6:36 — (+) 
3 5-0 3300 691 114-115 5 6-48 6-47 649 -(+) 
5s 3300 6-91 114-115 10 6-40 6-40 643 —(+) 
5-0 3300 6-91 117-118 25 6-53 6-50 6-48 — (+) 
5-0 3300 6-91 117-118 10 6-68 6-56 6-53 ++ 
These duplicate batches reveal the marked increase in “purpling” pro- 


Table IV. Effect of sterilization temperature 








duced by a rise of even 3°C. in sterilization temperature, and confirm the 


effect of sterilization time. 








Discoloration and Corrosion in Canned Cream 


Table V. Effect of stabilizer 






















Stabilizer 
(g. Homogeni- pH Sterilization 
NaHCO, zation before ——____A—___ 20 hours 2. weeks 6 weeks 
per pressure __ sterili- Temp. Time ————— es eT ——__, 
Batch gallon)  ‘(Ib./in.*) — zation °C. min. pH Purpling pH  Purpling pH Purpling 
4 None 3300 6-56 L17-118 40 6°38 ' 6:30 6:28 +~ 
LO 3300 6-63 117-118 40 6:38 6:28 624 ~-(4 
3-0 3300 6-71 117-118 40 OAT 6°26 64-6 — (+) 
50 3300 6-88 117-118 40 6°57 6:30 (+) 6-34 rie 
5 3-0 3300 6-81 117-118 25 6-54 6-51 : 6-46 E 
1-0 3300 6-84 117-118 25 6-58 6-46 — 6-41 a 
6 None 3300 6:36 117-118 25 6°34 _ 6-43 6-29 4 
None 3300 6:36 117-118 40 6-19 : 6-07 6-05 4 
5-0 3300 6-78 117-118 25 6-66 -- 6-50 — 6-48 — (+) 
5:0 3300 6-78 117-118 40 6:29 -- 6-34 - 6-31 — (+) 
7 None 3300 6-54 114-115 25 6:38 6°39 6:37 = 
None 3300 6-54 114-115 40 631 - 6-19 6-22 — (+) 
5-0 3300 G91 1-85 6-65 se 6-52 - 656  -(4+) 
5-0 3300 6-91 114-115 10 6-46 - 6°35 +? 6:36 —(+ 
8 None 3300 6-50 114-115 25 6:38 6:35 - 6:37 age 
None 3300 6-50 114-115 40 6-29 6-18 6-22 += 
5-0 3300 6-95 114-115 25 6-54 - 6:55 - 6-52 -- 
5-0 3300 6-95 114-115 40 6-49 - 6-40 - 6-37 — (+) 
The effect of the addition of sodium bicarbonate as a stabilizer is seen to 
be on the whole beneficial as far as purpling on the can during 6 weeks’ storage 
is concerned. It is possible that it somewhat increases the production of the 
shght pitting. 
Table VI. Effect of homogenization pressure 
Stabilizer 
(g. Homogeni- pH Sterilization 
NaHCO; zation before ——A—__, 20 hours 2 weeks 6 weeks 
per pressure _ sterili- Temp. Time A, ——_— —_A——, 
Batch gallon) (lb./in.*) zation AG; min. pH  Purpling pH  Purpling pH  Purpling 
9 None 7 658 117-118 5 6-38 a 6:37 - bas od 
None 2136 6:58 L17-L18 25 6:36 ~ 6-44 ~ 6°37 - 
None 2854 6-58 117-118 25 6°33 = 6:39 - 6-28 - 
None 1266 6:58 117-118 25 6:37 - 6-42 - 6:39 - 
1-5 711 6°75 117-118 25 6-48 - 6-51 6-49 - 
1-5 2136 6-75 117-118 25 6-48 6-48 6-48 
1-5 2854 6-75 117-118 25 6-47 6-49 6-48 
1-5 4266 6-75 117-118 25 6-4T +? 6-49 6-49 
10 45 TL 7-06 117-118 25 6-59 ~ 6-43 6-45 — (+ 
4-5 711 7-06 117-118 40 6-53 ~ 6:25 - 6:31 -(+ 
45 2854 7-05 117-118 25 6-56 _ 6-53 _ 6-60 - 
45 2854 7:05 117-118 40 6-65 + 6-29 6-40 + 
11 45 711 6-98 117-118 25 Not Not 6°34 - 6:30 ~ 
4:5 711 6:98 117-118 40 deter- — deter- 6-20 +? 6-17 ++ 
45 2854 7-01 117-118 25 mined mined 6-45 6:50 - 
45 2854 TOL 117-118 10 6:32 - 6-40 = 
12 4-5 711 6-88 117-118 25 6-56 - 6-40 6-AT = 
45 ren 6-88 117-118 10 6-AT + 6-37 _ 6-29 — (+) 
45 3300 6-91 117-118 25 6-68 - 6-54 6:56 - 
45 3300 6-91 117-118 40 6-50 - 6-40 6:35 —(+ 


The homogenization pressure appears to have no definite influence on the 
subsequent attack of the can. The results of these batches further confirm, 
however, the marked influence of sterilization time. 

A large number of cans were examined for the presence of iron and tin. 
In all the cans traces of one or other of these metals were present, but the 
quantities were not found to be higher in those which were purpled than in 
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those which were unaffected. A few cans in which steel had been deliberately 
exposed by filing gave on processing a non-adherent black film at the exposed 
steel; in the course of a few weeks black specks were found throughout the 
cream. 

Discussion 

While the results from the experimental batches must be considered as 
a preliminary investigation initiated by defects in commercial canned cream, 
certain interesting conclusions may be drawn. It is evident that the produc- 
tion of “ purpling” by the formation of a film of tin sulphide is dependent on 
the length ot time and temperature of sterilization. While it may be difficult 
under commercial conditions to control exactly the length of the sterilization 
period, no difficulty should be experienced in controlling the temperature. 

The widespread use of sodium bicarbonate as a stabilizer dictated its use 
in the experimental batches. Where no stabilizer was added coagulation in- 
variably occurred, although the milk from which the cream was derived was 
of Grade A (T.T.) standard. The present results indicate that additions of 
sodium bicarbonate up to 5-0 g./gallon to this particular type of cream are 
if anything beneficial and have no deleterious effect in respect of “purpling” 
produced during 6 weeks’ storage. The effect of stabilizers other than sodium 
bicarbonate requires investigation. 

It should be emphasized that owing to variations of cream from batch to 
batch, no valid comparisons can be drawn as between batches. Thus, the 
results of Table VI, which might appear to indicate the especial tendency to 
cause “purpling” of cream to which 1-5 g. sodium bicarbonate per gallon has 
been added, do not in fact do so owing to the variable nature of the creams. 

While in general an unduly large air space in a can may be expected under 
some conditions to enhance attack, we have found no evidence for this effect 
in some special experiments with varying air space in the present work. Nor 
does variation of pH of the cream within the limits studied appear to have 
any particular effect. 

The experiments with cans filed to expose a comparatively large amount 
of steel illustrate the potential dangers of inferior cans containing any appre- 
ciable amount of exposed steel. 

The present results, save for the examination of the commercial cream, 
represent essentially short periods of storage, up to 6 weeks. It may be noted 
that attack of the “ pitting” type is small in these short period tests. Further 
specimens of the runs now presented are being stored for longer periods, and 
it is hoped to report the results of long-time storage at a future date. 


SUMMARY 
Several defects in canned cream after some months’ storage have been 
classified : (1) “‘purpling” of the can, due to a film of tin sulphide, (2) pitting 
of the can, associated with (3) formation of black patches and of black specks 
in the body of the cream, consisting of ferrous sulphide, stannous oxide or both. 
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“Purpling” is produced by excessive time and temperature of sterilization, 
owing to the liberation of active sulphur compounds which attack the tin. 
Addition of sodium bicarbonate up to 5 g. ver gallon has, if anything, a slightly 
beneficial effect. 

Examination of cans after 6 weeks’ storage showed that pitting, if present, 
was only slight. Black discoloration of the cream was only observed after a 
similar period in cans in which the steel was deliberately exposed. 
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BIENNIAL REVIEWS OF THE PROGRESS 
OF DAIRY SCIENCE 


SECTION E. THE DISEASES OF DAIRY CATTLE 


I. Mastitis. 
II. Contagious abortion. 
Ill. Tuberculosis. 
619.2:618.19-002.5 
I. MASTITIS 


In dealing with this disease attention will only be given to work which has been 
carried out on the chronic contagious form caused by streptococci since existing 
evidence clearly indicates that this is the most prevalent form of udder disease. 


THE BACTERIOLOGY OF STREPTOCOCCUS MASTITIS 


It is evident from the literature that advances have been made in defining more 
clearly the character of the streptococci associated with mastitis. It was believed 
until recently that practically all streptococci causing mastitis in cattle corresponded 
to the organism originally described by Nocard & Mollereau in 1887. This strepto- 
coccus is now most commonly known by the name Streptococcus agalactiae, and it is 
generally agreed that the chronic contagious variety of mastitis which is so widely 
prevalent in dairy cattle is due to this organism. It is clear, however, from the 
earlier literature that streptococci with characters which differ from those of Sér. 
agalactiae have been recovered from a small percentage of mastitis cases, but, owing 
to the fact that they usually reduced litmus milk, they had been regarded as belonging 
to the Str. lactis group. For instance, the existence of streptococci with exceptional 
characters was noted by Rudolf(1), v. Sande(2), and Klimmer et al. (3). 

As the outcome of their work Minett et al.(4) and Edwards() classified mastitis 
streptococci into three subdivisions or groups based on their biochemical characters; 
Stableforth(6) confirmed the distinguishing features of the groups by serological 
analysis. The differential characters of these groups have been recently surveyed by 
Minett(7, 8). Briefly, it may be said that the characters of Group I correspond to 
those of Str. agalactiae, and that failure to reduce methylene-blue milk (1 : 20,000) 
is regarded as an important characteristic. Reduction of methylene-blue milk asso- 
ciated with failure to ferment salicin, mannite, inulin and aesculin and with low 
production of acid in glucose broth are regarded as features of Group II. The pro- 
duction of acid in litmus milk at 10°C. is an important character of Group IIT; 
reduction of methylene-blue milk associated with fermentation of salicin, mannite 
and inulin are also significant characters. Streptococci of this group resemble Str. 
lactis in some respects, but the failure to grow in an aesculin medium containing 
bile salt, reduction of janus green and resistance to heat at 60°C. are important 
differential features. Many strains of Str. lactis also reduce ammonium molybdate, 
which is unchanged by mastitis streptococci. From sixteen out of eighty-two cases 
of clinical mastitis Minett et al.(4) isolated organisms with characters corresponding 
to those of Group II. The most prominent clinical feature of the disease due to 
Group II streptococci was the more acute nature of the attack and the smaller 
tendency towards permanent infection. These authors(9) also isolated Group II 
strains from twenty-four such cases which occurred in one herd, the clinical symptoms 
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of twelve of them being so severe that the affected quarters were rapidly destroyed. 
The disease appeared to arise sporadically. Of twenty-two strains examined by 
Edwards(5) the majority were isolated from cases of acute mastitis in which as a 
rule there was some permanent damage to the affected quarter. The streptococci 
of this group were found to be more virulent than those of Group I both for laboratory 
animals and by experimental inoculation into the healthy udder. Thirty-three strains 
belonging to Group III were isolated for the most part from slightly altered milk 
but a few from grossly altered secretion; it is probable that strains of this group are 
as a rule of low pathogenicity although one strain produced a severe mastitis on 
intramammary injection. Diernhofer(10) described the characters of streptococci 
which he had isolated from cases of mastitis in Austria. Most of these corresponded 
to Str. agalactiae but twelve strains, isolated from the atrophied quarter of one cow, 
showed characters which agree with those of Group II streptococci. Strains corre- 
sponding to Group III have also been isolated by Diernhofer. 

There have been conflicting opinions regarding the haemolytic properties of the 
streptococcus groups described. These have arisen largely because many workers 
have not clearly defined their cultural methods. The subject has been fully deait 
with by Minett(7,8). Many Group I strains show narrow haemolytic zones of the 
beta type (Brown) around deep colonies in ox-blood agar. Other strains are non- 
haemolytic. A number of beta strains produce small amounts of haemolysin when 
cultivated in a liquid medium under suitable conditions. Minett et al. (4) found that 
out of a total of eighty-two streptococcus strains isolated from cases of mastitis, 
fifty-two were haemolytic and the remainder non-haemolytic. Edwards(11) records 
that in one series of 619 strains, 144 gave non-haemolytic and 475 beta-haemolytic 
colonies in ox-blood agar. Diernhofer (12) found twenty-eight beta-haemolytic strains 
among 146 examined in the same medium. He attributes the failure of continental 
workers to detect beta-haemolytic streptococci in mastitis secretion to the fact that 
surface culture has usually been used and that some addition of sugar has often been 
made. Diernhofer (13) also reports on the examination of 157 strains of Str. agalactiae 
of which thirty-eight were haemolytic, and 119 non-haemolytic; two strains of Str. 
dysgalactiae (corresponding to Group IT) and nine strains of Str. uberis (corresponding 
to Group III). Plastridge et al.(14) found that of 208 strains of streptococci isolated 
from cases of chronic mastitis, 204 were divided into two principal groups on the 
basis of biochemical differences. The majority of these strains were weakly haemo- 
lytic. Lesbouyries & Adam (15) studied the haemolytic activity of thirty-nine strains 
of mastitis streptococci by adding various numbers of drops of an 8-hour culture in 
10 per cent horse serum broth to 1 ml. of 10 per cent suspension of washed sheep 
red cells and incubated at 37°C. for 1 hour. Eleven strains were non-haemolytic and 
twenty-eight haemolytic, five of the latter being feebly haemolytic, twelve being 
moderately haemolytic and eleven strongly haemolytic. Thus there is abundant 
evidence to refute the claims of Klimmer & Haupt(i6) and Haupt(17), who maintain 
that Str. agalactiae grows predominantly of the alpha type, rarely alpha prime, com- 
paratively frequently gamma, and never beta in meat infusion horse blood agar to 
which is added 0-05 per cent glucose. Haupt(18) believes that the name Str. agalactiae 
should be confined to alpha-haemolytic strains, and he affirms that the addition of 
glucose in the quantity stated does not mask the haemolytic appearance of the 
organism. 

With Group II strains, well-isolated colonies are usually non-haemolytic, but 
when growing in plates where the colonies are congested, they are distinctly alpha- 
haemolytic, the clear zone being well marked and its width increased by refrigera- 
tion. Colonies of Group III strains are non-haemolytic. 

In addition to the three groups of mastitis streptococci described, organisms to 
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which the name Str. pyogenes may be given have been isolated occasionally from 
mastitis secretions (Frost (19), Seelemann & Hadenfeldt (20), Minett & Stableforth (21)). 
These streptococci are characterized by low acid production in glucose broth (pH 
not below 4-9), inability to split sodium hippurate, intolerance of methylene blue, 
and active production of haemolysin in liquid media. According to Seelemann & 
Hadenfeldt (22) the possession of capsules and the formation of moist colonies on 
blood agar are inconstant characters, so that it may now be concluded that there 
is no valid reason for retaining the term “Str. epidemicus” previously used in 
America to describe the variety of Str. pyogenes isolated from milk and which 
possessed these characters. The work of P. R. Edwards(23, 24) has pointed to the 
value of sorbitol and trehalose for differentiating Str. pyogenes strains of animal 
source from those of human source. The great majority of Str. pyogenes strains 
from animal sources ferment sorbitol but not trehalose, while those from human 
sources ferment trehalose and not sorbitol. This author states that in the light of 
present knowledge there is no justification for concluding that sorbitol fermenting 
haemolytic streptococci isolated from the udders of cows are of human origin or 
that they cause septic sore throat in man. Minett(25) examined twenty-one strains 
of actively haemolytic streptococci isolated from milk by this test and found that 
eighteen fermented sorbitol only; the remaining three behaved like Str. pyogenes 
strains of human source, although they were not serologically alike. The sorbitol- 
trehalose test is of great value for establishing quickly the origin of actively haemo- 
lytic streptococci in milk, but it is important to realize that it is not intended as a 
differential test for other varieties of streptococci. 

Minett & Stableforth(26) describe the characters of certain streptococci which 
sometimes appear in small numbers in the milk of individual cows. Although the 
organisms possess high haemolytic activity they show no evidence of pathogenic 
power either for the cow’s udder or for laboratory animals. Not only are they 
different from the streptococci of bovine mastitis, but they are also to be distin- 
guished from streptococci of the Str. pyogenes group which are occasionally found 
in milk. One of their principal characters is the formation in solid media of minute 
colonies consisting of very small cocci which grow in broth as very short chains. 
The fifty-eight strains studied could be divided into two groups on biochemical 
grounds: (a) those fermenting glucose and lactose with production of small amounts 
of acid, (b) those which ferment mannite and salicin as well. The former are referred 
to as “low acid strains” and the latter as “Str. infrequens” as they bear a resem- 
blance to the organism given this name in Holman’s classification. Fermentation 
of sorbitol and trehalose occurs with streptococci of both groups. 





PATHOGENESIS 


Numerous attempts have been made to induce mastitis by the feeding of pure 
cultures or mastitis milk, but they have been uniformly unsuccessful; similarly 
subcutaneous or intravenous injections have also been unavailing. The disease has 
been brought about by smearing the teats with a culture of streptococci and there is 
evidence to show that infection takes place more readily when there is an associated 
wound or fissure of the teat. The disease can be most readily brought about by in- 
jecting culture into the teat canal. 

Among the recent experiments designed to set up infection may be mentioned 
the following. Klimmer & Haupt(27) attempted to infect the left forequarter of a 
cow in full milk by rubbing the end of the teat on three successive occasions with 
a culture of Str. epidemicus, but no infection was set up. A similar attempt made 
a week later after the production of a surface wound with sand-paper also failed. 
Acute mastitis was, however, produced in the same quarter after another week by 
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injection of 2 ml. of culture through the teat canal; this spread to the hind quarter 
of the same side. Edwards(5) showed that it was possible to set up persistent in- 
fection in a quarter by injecting via the teat 1 ml. of a streptococcus Group I culture; 
by injecting similar amounts of a Group II strain a severe reaction ensued followed 
by early drying of the quarter. One Group III strain gave rise to an acute mastitis 
followed by rapid drying, while the other produced a more chronic type of disease, 
Hadley & Frost(2s) record the results of experiments in which strains of different 
streptococcus types were inoculated into the non-infected udders of milking cows, 
The method of inoculation was to twirl in the opening of the teat a swab of cotton- 
wool moistened with a culture of the organism growing on a blood-agar slant. 
A strain of Str. mastitidis, a beta-haemolytic bovine type and one of Str. mitis, a 
non-haemolytic variety corresponding to Str. agalactiae, produced after preliminary 
acute changes a chronic disease with persistence of the organism in the infected 
quarter. Schmidt-Hoensdorf & Schmidt(29) showed that enduring infection was 
produced in each of ten machine-milked cows by injection of cultures by way of the 
teat canal. The authors believe that this result, in conjunction with their earlier 
results on forty hand-milked cows, makes it certain that the teat canal is the normal 
path of entry in streptococcus mastitis. No fundamental difference was observed 
between the artificial infection of hand and machine-milked cows. These authors 
state that the course of the disease is nevertheless influenced by the method of 
milking because it is dependent upon the thoroughness with which the udder is 
emptied. More pronounced and sustained changes and a greater decrease in milk 
production were observed in machine-milked animals which were not stripped after- 
wards, than in those which were carefully stripped, a difference similar to that 
observed in hand-milked cows which were or were not thoroughly stripped. Miller(30) 
records that mastitis was produced in one or more quarters of each of three cows by 
injecting a suspension of Str. agalactiae in sterile lactose saline solution into the teat 
canal with a blunt small-gauge needle. It was not possible to transmit mastitis by 
means of a milking machine from one infected animal to two healthy ones during 
an exposure period of several weeks. 

It is now generally thought that chronic mastitis is transmitted from one cow 
to another by the process of milking. It appears, however, that infection cannot 
regularly be set up in all cows by this method. Thus Klimmer & Haupt(31) give the 
results of three experiments where ordinary hand-milking was employed for a period 
of 8 days, but they failed to transmit the disease from infected to healthy cows. 
With one cow, however, .haviag two infected quarters, the infection did spread to 
another quarter in 14 days. In four other experiments where wet milking was 
practised and the milkers’ hands were contaminated either with milk containing 
streptococci or with broth culture, the organisms became established in one quarter 
of a healthy cow. The same result was obtained when the teat orifice was gently 
rubbed against the hand containing infective material. Results of experiments with 
machine milking showed that the disease was not more readily communicated by 
this method than by hand milking. Klimmer & Haupt(32) quote experiments in 
which infected material was maintained in contact with the teat opening overnight 
by means of special bags. When one exposure was given about half the quarters 
became infected but all were infected by seven to fourteen exposures. They state 
that incomplete milking is the most frequent auxiliary factor in producing clinical 
symptoms. Experiments in Denmark by Bendixen(33) have proved the great im- 
portance in pathogenesis of injuries to the teats. He carried out infection experi- 
ments on five cows and heifers. Nine teats were treated by the introduction of an 
ordinary teat slitter into one or more teats in each animal. Careful antiseptic pre- 
cautions were taken, and the incision was as small as possible. Twenty-four to 
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ninety-six hours after the operation the teats were milked, one after the other, with 
streptococcus infected hands. Later, streptococci could be isolated from the milk 
from eight out of nine injured glands but not from those used as controls. The 
course of the resulting infection is described. Christiansen & Nielsen(34), while 
supporting the view that injuries to the tip of the teat increase the possibility of 
infection, state that in most cases mastitis occurs without preceding injury to the 
teat sphincter. They therefore hold that unknown factors must be active in deter- 
mining the invasion of bacteria through the teat canal. 

There is no doubt that several factors may act as contributory causes of mastitis, 
i.e. they may be concerned in producing clinical symptoms in an udder which was 
previously infected in the latent state. These factors include improper milking, over- 


Mastitis 


, stocking and injuries to the udder. Wiedmann (35) concludes that mastitis in general 


and the associated changes (lowered milk sugar, increased chlorides, and alkaline 
reaction of the milk) are due to lack of carbohydrate in the diet. Wesche(36) was 
unable to confirm the claims of Wiedmann. He made observations on thirteen cows 
which belonged to three herds and which were all infected with severe streptococcus 
mastitis. Nine of these animals were given rations containing a high proportion of 
carbohydrate for 5-6 weeks, while the remainder were given the customary ration. 
None of the infected animals was cured by increased carbohydrate feeding. 


DIAGNOSIS 


The problem of making a diagnosis in cases of latent infection has occupied the 
attention of many workers. Methods of diagnosis may be classified into those which 
aim at demonstrating the causal organism and those which reveal the changes taking 
place in the udder or milk as the result of invasion—the former method is the direct 
method and the latter the indirect method. Indirect methods include estimation of 
the reaction of the milk with brom-thymol-blue or other suitable indicator, the 
catalase test and the estimation of cell content by making an actual count or by 
estimating the amount of sediment on centrifuging a known volume of milk. To 
these may be added the clinical examination of the udder for the presence of fibrosis. 

Rosell (37) states that the greater number of infected animals can be detected on 
the farm by a relatively simple means. He recommends the reaction test made in 
tubes with brom-thymol-blue, followed by a black filter test and finally, after the 
udders have been stripped, a clinical examination. The same author(38) examined 
milk from 280 quarters belonging to seventy cows in full milk by the following tests— 
brom-thymol-blue, black cloth test, catalase and chloride tests, macroscopic and 
macroscopic sediment tests and by bacteriological examination on Klimmer agar. 
Of these quarters 232 (i.e. 82-8 per cent) were classed as abnormal by one or other 
tests used. The percentage of these 232 quarters which reacted to the individual 
tests were: chlorides (over 0-142 per cent) 82-7 per cent; catalase (more than 0-5 ml. 
gas from 15 ml. milk) 72-6 per cent; brom-thymol-blue 30 per cent; macroscopic 
sediment (more than 0-1 ml. from 10 ml. milk) and microscopic tests for leucocytes 
59-5 per cent; palpation 65-6 per cent; black cloth test 6 per cent. Using surface 
cultivation on Klimmer, Haupt and Roots medium or on 5 per cent horse blood 
agar, streptococci were found in 41 per cent of quarters which were classified as 
abnormal to other tests and in forty-eight quarters, or 21 per cent, which were 
classified as normal according to other tests. 

Hadley & Frost (39) found that indirect tests were capable of revealing about 
90 per cent of mastitis cases, but these results were only correlated with a quanti- 
tative bacterial count of the milk and no proper verification of bactefial types was 
made. 
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Plastridge & Anderson(40) concluded that the reaction test was of no value in 
detecting carriers of organisms commonly associated with mastitis, and while it was 
of slight value in detecting mild cases it might be expected to give colour reactions 
indicative of mastitis in about 70 per cent of samples from quarters which frequently 
give milk which is abnormal in appearance. Hucker & Udall(41) tried to establish 
the relationship between the presence of scar tissue or induration of the udder and 
streptococcus infection. They showed that quarters found to be free from hardened 
areas showed streptococci in the milk whereas of the quarters showing various 
degrees of fibrosis a certain proportion contained streptococci. As a rule indurated 
quarters showed a higher cellular content in the milk. These authors suggest that 
a marked fibrosis of the udder indicates infection with streptococci, and that by 
eliminating cows showing such fibrosis the spread of infection could be diminished. 

Steck (42) discusses various methods of diagnosis and concludes that cultural 
methods are essential for diagnosing mastitis, whilst the so-called chemical methods 
are of value as auxiliary tests. 

Edwards(1l), applying indirect tests, which included the reaction and sediment 
tests together with examination of the milk for clots in black dish, to 528 infected 
quarters of cows said to be in full milk, found that 62 per cent showed abnormalities 
to one or other of the indirect tests, but by the same criteria 9-4 per cent of milk 
samples from 2284 healthy quarters also showed abnormalities. The reaction was 
taken by means of brom-cresol-purple papers apd the sediment test was made by 
centrifuging 10 ml. of milk in a modified Trommsdorf tube as described by Minett 
et al.(43). As an index of infection, cultural examination in a special selective 
medium for mastitis streptococci was made. This author states that when the value 
of indirect methods of diagnosis is to be decided the first essential is that comparison 
should be made with a standard test of the utmost reliability for revealing patho- 
genic bacteria. Edwards(44) recommends the following medium for this purpose. 
The basis is a plain agar containing 5 per cent ox blood and to this is added crystal 
violet (1 : 500,000) and aesculin (0-10 per cent). The dye inhibits the growth of 
common milk saprophytes while those which resist its action may be distinguished 
from streptococci by their blackened colonies. Plastridge et al. (45) have showed that 
microscopic examination of milk samples after incubation was superior to direct 
microscopic examination of films prepared from whole milk or sediment and to 
blood agar plates inoculated with 4 mm. loopful of whole milk. 

In a general way whatever their advantages may be, indirect methods suffer 
from two serious defects. Firstly, they are incapable of detecting more than a 
moderate percentage of infected animals, the failures being in part accounted for 
by those in the early stages of infection. Secondly, as has been shown by Edwards(1l), 
indirect methods give misleading results in a not insignificant proportion of animals. 
This can be explained on the grounds that healthy animals may be approaching the 
end of lactation, although still regarded by the owner as in full milk, or because 
they may be suffering from forms of udder disease due to streptococci other than 
Str. agalactiae, which do not give rise to the contagious form of disease. 


a 
CoNnTROL 


It is proposed to deal with this subject under three headings: vaccination, 


chemotherapy, and hygienic measures designed to restrict the spread of streptococcus 
mastitis or to bring about its eradication. 


Vaccination + 

There is a good deal of conflicting opinion regarding the efficacy of vaccination 
either for prophylactic or curative purposes. As a rule it has been difficult to find 
evidence to show that the administration of vaccines has been properly controlled 
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by bacteriological tests on the milk. If vaccines are of any value for curative purposes, 
the evidence in support of this contention should be augmented by a statement 
that the causative organism has disappeared after their administration. 

Bryan (47) concluded that autogenous vaccines, either killed or living, or a lacto- 
vaccine were of value in the prevention and cure of streptococcus mastitis owing to 
the fact that there was a regular notable decrease in the number of affected quarters 
following weekly subcutaneous injections. The results were assessed by clinical 
examination and a laboratory test. on the milk of each quarter, including a 
cultural test in blood agar plates. The lacto-vaccine was made by adding a 1 per 
cent solution of brilliant green to milk obtained from quarters injected with strepto- 
cocci to give a 1: 10,000 concentration of the dye and allowing it to act for 
30 min. Seddon & Rose (48) carried out an investigation on preventive vaccination 
against Streptococcus mastitis in a dairy herd over a period of 5 years. Details of 
the vaccination procedure are given but no unvaccinated controls were kept, the 
results being assessed by comparison with the incidence of the disease during the 
previous year. It is concluded that vaccination reduced the incidence of mastitis 
recognizable by the farmer, although bacteriological examination indicated that the 
incidence of streptococcus infection of the udder was not altered. It is concluded 
that the severity of cases of mastitis was diminished by vaccination and that re- 
current attacks were fewer. 

Plastridge et al.(49) give data regarding the influence of periodic injections of 
heat killed autogenous vaccine on the incidence of chronic mastitis in two herds 
which were under observation for periods of 2-6 years and which each contained 
25-50 cows; one-half of the animals were left as controls. In one of these the 
average annual incidence of mastitis over a period of 4 years was 40-5 per cent in 
the treated group and 51-2 per cent in the control group. In the other herd, observed 
for 2 years, the annual incidence was 50 and 40 per cent respectively in the treated 
group and 40 and 39 per cent respectively in the controls. In general their results 
show that, although vaccination may aid in retarding the occurrence of abnormal 
milk in infected animals, it is of little value in preventing new infections and fails 
to bring about complete recovery. The authors conclude that vaccination is not an 
adequate means of controlling mastitis and that efforts should be directed towards 
its control by the early detection and segregation of infected animals. Klimmer & 
Haupt (32) conclude that vaccination has neither curative nor preventive effects, and 
in one experiment in which three similar groups of about a dozen animals each 
received dead or living vaccine or were left as controls, the vaccinated animals 
showed finally a greater percentage of infection than the controls. Steck(60) has - 
reviewed the question of vaccination and has concluded that there is no proof of 
the utility of vaccines. 


Mastitis 


Chemotherapy 

Recently considerable attention has been given to the value of injecting chemical 
substances in solution into the udders of affected animals. Seelemann & Siemonsen (51) 
examined the action of “‘ Rivanol” and a derivative thereof called “Entozon”. Both 
had a bactericidal effect on the streptococci in the gland, and it was usually sufficient 
to treat the infected quarters once or twice. The irritating effect of the preparations 
was transitory. Entozon was particularly recommended owing to its low price and 
also because much more information was available concerning its preparation. Of 
all the preparations used these authors found that the acridine derivatives were 
definitely superior to others because of their good bactericidal action and lack of 
irritating effect. Seelemann (52) gives details regarding the use of entozon solutions 
for infusing the udder and recommends that hard water should be boiled and filtered 
just before use. Steck (53) deals with the great difficulty of sterilizing certain quarters 
and states that as many as seven injections may be ineffective in certain cases; new 
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infections are more easily cured than those of long duration. Steck (54) compared the 
efficacy of different acridine derivatives for the treatment of streptococcus mastitis and 
found that “ Trypaflavine” possessed the maximum bactericidal action and was effec- 
tive in destroying the causal organisms in 75 per cent of the treated quarters. Among 
the successful applications of entozon for the treatment of streptococcus mastitis 
may be mentioned the following. Trautwein et al. (55) state that of 326 cows affected 
with streptococcus mastitis in various degrees 81 per cent were free from infection 
at the conclusion of treatment on two to five occasions. The infected quarters were 
infused with 1 : 1250 entozon in distilled water, left for 4 min. followed by thorough 
and frequent stripping. The milk yield was usually approaching the normal again 
within 8-14 days but marked deviations were noted. Similar observations have 
been made by Seit(56), Bertling(57), Lefevre(58), and Schmidt(59). Their results in 
general show that treatment is best carried out when the cow is in the drying stage 
and when there is no fibrosis of the affected quarter. Bacteriological examinations 
of the milk for the presence of the causal organism have not been regularly carried 
out, so it is not possible to state that they were completely destroyed in all the treated 
cases. 
Hygienic measures 

Within the last few years increasing attention has been given to the control of 
mastitis by limiting its spread from infected to healthy animals. This method 
depends primarily on the detection of infected animals by suitable tests and thereafter 
maintaining them in isolation so that they can be milked after the clean stock. 
Seelemann (60) described the good results obtained in two herds in which, purely by 
segregation of infected cows, infection was reduced respectively from 40 to about 
10 per cent in 15 months and from 70 to 20 per cent in 2 years. With regard to the 
latter herd it was reported by Seelemann(61) that by combining entozon treatment 
with segregation the infection had been reduced to 4-2 per cent. Minett et al. 62) 
give results of control measures which lasted for 5 years in a self-contained herd 
consisting of fifty-three cows and heifers, of which ten were affected at the beginning 
with chronic streptococcus mastitis. Preventive measures, which merely involved 
the milking of infected cows last, led to the formation of a group of cows which for 
34 years remained free from the streptococci which cause the chronic and contagious 
form of mastitis. During this time five of the originally infected cows completely 
recovered. This appears to be the first time that it has been conclusively proved by 
frequent and searching tests of the milk that a herd of cows can be maintained free 
from infection. It constitutes the final proof that chronic streptococcus mastitis is 
a contagious disease and. therefore theoretically preventable. Recently evidence 
from the control of six other herds has been published by the same authors(63). In 
one Friesian herd (I) where the original incidence was 55 per cent periodic bacterio- 
logical examinations of the milk of individual animals have failed to reveal any as 
infected during the past 3 years. In this herd, control was assisted by the decision 
of the owner to dispose of the infected cows. In three others (C, J and K) in which 
the original incidence was 40, 30 and 53 per cent respectively the number of new 
infections had decreased during 4-5 years to 9, 3-7 and 7-8 per cent respectively by 
1935. Herd L, made up of newly calved heifers, had remained free for 2 years at 
the time of the report. In herd A the incidence and number of new infections was 
at first low; the number of new infections discovered rose in 1932 (probably due to 
more rigorous methods of testing) but since then has steadily fallen to 5-3 per cent 
in 1935. From these results the authors conclude that: 

(1) Eradication of chronic streptococcus mastitis may be achieved under certain 
conditions by the simple expedient of segregating infected cows, or, if that is not 
possible, by milking them last. The chances of success, however, are greatly increased 
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if infected cows can be removed within a reasonable time. When this cannot be 
done, infusion of the affected udder with a suitable bactericidal agent should prove 
a useful aid. 

(2) While Str. agalactiae in nearly all cases leads to permanent infection it 
occasionally causes transient infections detectable only by the use of enrichment 
media. 

(3) Experience has shown that the disease does not arise sporadically once all 
known sources of infection are removed. New infections must, therefore, be due to 
errors in milking or to deficiencies in methods of diagnosis. 

Seelemann & Hadenfeldt(64) give detailed summaries of the control of eleven 
herds in Schleswig-Holstein by separation of infected and uninfected cows or by 
combination of this method with treatment of the infected animals by means of 
entozon infusions by the teat canal. The experiments lasted from 2 to 4 years, but 
within this period streptococcus mastitis was in no case eradicated by segregation 
alone and in only one herd was complete eradication achieved by the combination 
of the two methods. In all herds new infections continued to appear by segregation 
alone, but by the combination of the methods a fair degree of success was achieved. 

From the results published in recent literature therefore it appears that the 
basis of the control of mastitis must be on preventive lines depending on the diagnosis 
of infected animals and should be supplemented by the treatment of early cases with 
entozon or some similar antiseptic. There is certainly need for further research on 
the control of streptococcus mastitis along these lines. 


Mastitis 


619.2:616.999.61 
II, CONTAGIOUS ABORTION 


PATHOGENESIS IN CATTLE 


Contagious abortion of cattle is a contagious disease due in most cases to Brucella 
abortus of Bang and characterized by inflammatory changes of the uterine mucosa 
and foetal membranes, resulting usually in the premature expulsion of the foetus. 
The disease is disseminated among cattle chiefly by means of the large number of 
bacilli voided from infected animals in the aborted foetus, the foetal membranes 
and the uterine discharges which escape at parturition. Infection is usually con- 
tracted by ingestion, although in recent years it has been shown that infection may 
arise through the conjunctiva or through the intact skin (Cotton & Buck(65)). 
Infection is introduced into herds by various means. Préscholdt(66) found in an 
examination of thirty clean herds that in most instances infection could be definitely 
traced to the buying in of cattle from herds in which abortion was known to exist. 
In other herds the disease was introduced by feeding on contaminated pastures, by 
persons carrying infected material or by bulls which had served infected cows. Both 
male and female animals are susceptible at all ages, but susceptibility is probably 
higher in the pregnant animal. A pregnant animal becoming infected for the first 
time generally aborts about 2-4 months after infection and specific antibodies 
develop in the blood usually within 1 month after infection; abortion does not 
usually occur at the next pregnancy. Wall (67) states that the incubation period in 
contagious abortion varies very widely; it may be as short as about 2 weeks, or as 
long as 6 months. Gill(68) found that following the inoculation of 5 ml. of Br. abortus 
suspension into the mammary vein, specific antibodies appeared in the blood on 
the twelfth day. 

In bulls Br. abortus is found in the generative organs where it may cause an 
orchitis with the result that the semen may be infected. Zeller & Beller(é9) investi- 
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gated the susceptibility of eight bulls by subcutaneous inoculation. The organisms 
were detected in the blood between the tenth and twenty-first days, but they were 
never obtained from the semen or generative organs after slaughter except in one 
bull which had become impotent. 

In calves the causal organism may be present in the faeces while they are drinking 
infected milk. Ranney(70) was unable to isolate Br. abortus from the faeces longer 
than 7 days after the last feeding of infected milk. Liibke(71) by artificially infecting 
calves found that lesions became localized chiefly in the lymphatic glands and kidneys 
where an interstitial nephritis was caused. Magnusson(72) was unable to isolate 
Br. abortus from the condition known as “spotted kidney” of the calf described by 
Liibke. The occurrence of agglutinins in the blood of the calf may be due to a passive 
transmission from the milk of the infected dam. 

In the adult female the organism occurs as a rule in the uterus, but after abortion 
it leaves this organ and may be found in other sites in the body. The organism is 
principally localized in the udder and the supramammary glands where it may 
persist for months or even years: during this time specific antibodies may be found 
in the milk. Doyle(73) showed that Br. abortus may be harboured in various body 
tissues of naturally infected cows some time after abortion. Of thirty-two cows 
examined the organism was recovered from twenty-six, the order of incidence in 
the various tissues examined being as follows: udder 70 per cent, supramammary 
glands 64 per cent, iliac glands 62 per cent, and pharyngeal glands 28 per cent; the 
organism was also recovered in three instances from the spleen. Observations on 
the occurrence of Br. abortus in various tissues have also been investigated by Bang 
and Bendixen(74). Magnusson (75) believes that, on account of the increased incidence 
of hygromata in the knees of infected cattle, these lesions, like the udder, may con- 
stitute a reservoir for brucella. 


OCCURRENCE OF BRUCELLA ABORTUS IN MILK 


Recently a number of workers have published results regarding the contamina- 
tion of milk with Br. abortus. Schmidt(76), who examined 2079 samples of mixed 
quarter milk, showed that 10 per cent contained Br. abortus but in none was there 
any associated udder disturbance. This author also showed that by injecting | ml. 
of Br. abortus culture into the udder no apparent symptoms of mastitis were pro- 
duced. Plate(77) found that of eighty-one milking cows whose blood or whey con- 
tained agglutinins for Br. abortus, 69-1 per cent, as shown by direct culture or 
guinea-pig inoculation, excreted Br. abortus. In this paper details are presented 
regarding the relation between the development of agglutinins in the blood of inocu- 
lated guinea-pigs with cultural examination from the spleen. The same author(78) 
examined 413 samples of mixed milk from individual cows. Of 278 negative samples, 
i.e. those showing no agglutinins in the whey, none showed brucella by guinea-pig 
inoculation. Of twenty-eight weakly positive samples, 12-1 per cent contained 
brucella, while of forty-nine positive samples and fifty-three which gave a pro- 
nounced reaction, 61-2 and 88-7 per cent respectively showed brucella. Pullinger(79) 
recovered Br. abortus from seventy samples out of 101 samples from bulked Certified 
or Grade A (T.T.) milk. Of 105 samples of ungraded milk, thirty-nine contained 
Br. abortus. Smith (80) determined the prevalence of Br. abortus in samples of udder 
milk. Of eighty-four cows vaccinated with Br. abortus, the milk of nineteen showed 
the presence of agglutinins in a concentration of 1/25 or over and ten (11-9 per cent) 
of the total contained Br. abortus. From milk samples of 203 cows taken at random 
Br. abortus was recovered from twenty-three (11-3 per cent). Caldwell, Parker & 
Medlar(81) found that the milk of 23-6 per cent of cows contained Br. abortus. 
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Contagious Abortion 


BRUCELLA ABORTUS INFECTION IN OTHER DOMESTIC ANIMALS 


Natural infection with Br. abortus occurs primarily in cattle but recently the 
organism has been isolated from other domestic animals. 

In the pig, brucellosis has been reported by Miessner & Késer(82) in Germany 
but its distribution in that country is not widespread. In Russia infection in swine 
was observed in four large herds by Makkawejski et al.(83). The conditions most 
frequently noted in the pig were sterility, orchitis of the boar, abscess formation 
and mastitis. In Austria outbreaks of abortion due to Br. abortus have been reported 
on by Rudolf(84). The observations of workers in U.S.A. show that brucella infection 
in swine may result in a disease of serious consequence. For instance, McNutt(85) 
describes the occurrence of a fatal disease due to this cause in three boars in which 
the chief lesions were arthritis and a varying degree of orchitis. Feldman & 
Olson (86), and Creech(87) contribute further evidence regarding the role of brucella 
in causing disease in swine. Doyle(88), in order to obtain evidence regarding the 
prevalence of Br. abortus infection of swine in Great Britain, examined blood samples 
from 10,474 sows. Of these, four bloods gave a positive reaction in a dilution of 
1/25, seventeen in a dilution of 1/50 and four in a dilution of 1/100. He concludes 
that there is no real proof that brucella infection in pigs exists in this country since 
the causal organisms have not been isolated. 

In the horse infection due to Br. abortus has been described by van der Hoeden (89) 
in Holland, where it may be associated with such conditions as fistulous withers 
and poll evil. Schoop(9), Duff(91), and Schellner(92) also recovered Br. abortus from 
these conditions in the horse. Priestley (93) estimates that 5-15 per cent of the horses 
in Great Britain have specific Br. abortus antibodies in their blood. White & Swett (94) 
give details regarding an abortion-free herd in which contagious abortion is said to 
have originated by infection from a horse which showed specific agglutinins for 
Br. abortus in its blood. 


DIFFERENTIAL CHARACTERS OF THE BRUCELLA GROUP 


Brief reference must be made to work which has recently been published on this 
subject. The organisms belonging to this group are Br. melitensis (Bruce), Br. abortus 
(Bang), Br. paramelitensis (Négre and Rayaud), and Br. abortus of porcine origin 
sometimes referred to as Br. suis (Traum). It is impossible to identify these types 
on morphological evidence alone. Huddleson (95) devised a method of distinguishing 
these organisms by their sensitivity to dyes. This author(96) examined a total of 
656 strains of brucella from Europe and North America as regards their behaviour 
towards aniline dyes in a suitable medium. It was found that these strains could 
be divided into three groups or species according to the growth-inhibiting action of 
thionine in a final dilution of 1/30,000 and of pyronin in a final dilution of 1/200,000 
in beef liver infusion agar at a pH of 6-6. Of the total number, 133 were classified 
as Br. melitensis, 352 as Br. abortus and 172 as Br. suis. Br. melitensis grew on both 
the thionine and pyronin media, while Br. abortus grew only on the one con- 
taining pyronin and Br. suis only on one containing thionine. Wilson (97) examined 
165 brucella strains of varied origin. On the basis of the source of origin, CO, sensi- 
tivity, growth in the presence of dyes, and antigenic structure, the strains were 
divided into five main groups as follows: (a) bovine abortus with five subgroups, 
(6) porcine abortus with two subgroups, (c) melitensis with two subgroups, (d) para- 
abortus with two subgroups, and (e) para-melitensis. Zeller & Stockmayer(98), using 
the dye-plate method, divided 179 strains into three groups. Of forty-one strains 
of brucella from human beings, seventeen had the properties of Br. abortus (porcine 
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variety) and the remainder behaved like the bovine variety. Strains from the horse 
were also of the bovine type. Extensive observations on the differential characters 
of the brucella group have also been made by Gwatkin (99). 

Mallman(100) and Emmel & Boevers(101) have published results which suggest 
that there is a serological relationship between the genera Pasteurella and Brucella, 
Mallman found a bovine serum which agglutinated bovine and porcine types of 
Br. abortus and Pasteurella organisms from various species. He also found that, 
using immune sera prepared in rabbits, brucella organisms were agglutinated by 
Pasteurella sera and Pasteurella organisms by Brucella sera. For this reason he con- 
cluded that agglutination of Br. abortus by a suspected serum was not conclusive 
evidence of infection with that organism. Emmel and Boevers, working solely with 
sera from fowls, obtained similar cross agglutination reactions. Starr & Snider(102) 
made similar observations. On the other hand, Priestley (103) was unable to confirm 
these findings and concludes that it can be quite definitely stated that with the 
technique used there is no cross agglutination between Pasteurella and Brucella. 
Wilson (104), having reviewed the relevant literature on the subject, is of the opinion 
that no relationship exists between the two genera and that workers who have 
supported such a relationship have not taken into account the presence of normal 
agglutinins for certain bacteria in a given sample of serum. 

The viability of Br. abortus has been investigated by Cameron (105, 106). He found 
that 43 hours’ exposure to sunlight was lethal; in sterilized soil in a Petri dish the 
organisms died in 4 days; in moist soil in 27 days; in broth culture in the laboratory 
in 121 days; in the presence of putrefactive material in 77 days. Observations of 
a similar nature have been made by Feldman & Olson (107). 


DIAGNOSIS 


The diagnosis of contagious abortion may be made by detecting specific anti- 
bodies in the serum or whey, by allergic tests or by demonstration of the causal 
organism. The presence of antibodies is shown by the agglutination and complement 
fixation tests. 

(1) The blood serum agglutination test 

This test is widely used in practice for detecting infected animals and in com- 
petent hands is a method of accuracy. On account of its greater simplicity it is 
preferred to the complement fixation test for routine diagnosis. Its main defects are 
(a) that there is an incubation period between the time of infection and the occurrence 
of agglutinins and (b) that there is at present no uniformity regarding the interpre- 
tation of its results. Some workers regard agglutination at a titre of 1/20 as signifying 
infection, whereas others pay attention only to higher titres. There is also no uni- 
formity regarding the density of the suspension used and consequently it is impossible 
to state whether the results are comparable. In any case there are bound to be 
“doubtful” reactions which should be verified by a subsequent test. Fitch & 
Donham (108) believe that an animal should show complete agglutination at 1/100 
before being regarded as positive and that it is wrong to regard all reactions at 1/25 
or even incomplete reactions at 1/50 as suspicious of Br. abortus infection. Data 
collected from over 6000 cattle showed that 23 per cent reacted at 1/25. The vast 
majority of these animals were in herds in which no higher agglutination titre was 
found and in which there was no history of contagious abortion. It was not found 
possible to isolate Br. abortus from any of sixty-six animals which reacted at 1/100 
or below. White et al. (109) support these views. 

Recently workers have compared the value of the tube agglutination test with 
a rapid slide method first described by Huddleson (10). It is customary to standardize 
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antigens for the rapid agglutination test by comparing results with those obtained 
by the test- tube unthed, The test is carried out by adding standard amounts of 
suspected serum to a suspension of the antigen placed on a glass plate. Donham & 
Fitch (111, 112) describe the technique for standardizing antigens for the rapid test; 
they find that the addition of acacia or gelatine increases its sensitivity. Welch & 
Mickle (113) compared the rapid method described by Huddleson with the more usual 
tube method in 763 human sera. They concluded that the rapid method was efficient 
for diagnosing brucella infection in human beings and that fewer doubtful reactions 
were obtained than with the tube method. Similar results are shown by Zeyne- 
labidin (114). 
(2) Milk-whey agglutination test 


Comparisons have been made between the presence of agglutinins i in the blood 
and in the milk whey. Préscholdt(115) found that, as a rule, a blood agglutination 
titre of 1/100 or over was necessary before agglutinins could be detected in the milk. 
He also correlated the blood and milk agglutination tests with the presence of 
Br. abortus in the milk and found that as the titre of the blood increased above 
1/100 Br. abortus was found with increasing regularity in the milk. Similar results 
were found by Karsten(116) and Klimmer(il7). In order to separate the whey from 
the milk the addition of calcium chloride solution was found to enhance the action 
of rennet. Préscholdt(118) recommended the following procedure for the recognition 
of animals which are excreting Br. abortus in the milk: (1) a blood test of all animals, 
(2) animals with a blood serum titre of 1/100 or less are not to be regarded as 
excretors, (3) animals with a serum titre of 1/4000 to be regarded as excretors, 
(4) with cows having a blood titre above 1/100, milk samples are taken from each 
quarter. If the whey titre is 1/80 or over the animal is to be regarded as an excretor. 
Karsten (119) expresses similar views but believes that a whey titre of 1/10 should be 
regarded as positive evidence of excretion. Hall and Learmouth(120) describe a 
method for preparing a clear whey for the agglutination test by the addition of a small 
quantity of either carbon tetrachloride or chloroform before adding rennet extract. 
The tubes are shaken for several minutes to extract the fat and aie then incubated 
for 1 hour at 37°C. to coagulate the casein. A similar method is used by Diern- 
hofer (121). Whey agglutination tests by the rapid method are described by Nieland (122) 
and by Riedmuller(123), who found that the rapid method was not so accurate 
as the tube method. For the culture of Br. abortus from milk Stockmayer (124) re- 
commends liver agar containing brilliant green or gentian violet, the former in a 
concentration of 1/500,000 and the latter between 1/50,000 and 1/250,000. Centri- 
fuged deposit proved to be the best type of inoculum and cream obtained by centri- 
fuging was the second best. The highest concentration of organisms was present in 
the strippings. 

Allergic reactions 

McFadyean & Stockman (125) first attempted to diagnose Br. abortus infection 
by the use of abortin, a material analogous to tuberculin. The abortin was inoculated 
subcutaneously and a positive reaction was judged on the basis of a definite thermal 
response. Dubois & Brune(126) compared the value of the agglutination and intra- 
dermal tests for Br. abortus infection in four herds. The intradermal test consisted 
of an inoculation into the caudal fold of 1 ml. of killed concentrated antigen. In 
a herd of twelve cows, most of which had previously aborted and all of which had 
been inoculated with a live vaccine, all animals gave positive reactions to both tests. 
Positive reactions were denoted by oedematous swellings varying from the size of 
a pea to that of a pigeon’ s egg. Dubois et al. (127) tested 141 cattle by both tests and 
found that twenty-six gave positive reactions to the intradermal test, nine being 
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positive to the agglutination test (1/50) and eight being positive to both tests. They 
conclude from these data that the intradermal test is a sensitive and practical 
method for the diagnosis of contagious abortion. Volik & Basileff(128) and Franco 
& Pezzi(129) confirm these results. Mirri(130, 131) describes another diagnostic agent 
which is prepared by growing several different strains of brucella in flasks of 1 per 
cent glucose broth which are incubated for 20-30 days. To each flask is then 
added 0-5 per cent formalin and also a quantity of agglutinating serum sufficient 
to clarify the medium completely. The clear liquid is decanted, tested for sterility, 
and inoculated into the infra-palpebral subcutaneous tissue in doses of 0-5 ml, 
for sheep and goats and 2-5 ml. for bovines. A positive reaction is said to be very 
definite. From tests on cattle, sheep and goats, Mirri concludes that this method 
is much more accurate and reliable than the agglutination test, particularly as its 
efficacy is not influenced by vaccination with dead organisms. Van der Hoeden(132) 
compared the value of an ophthalmic test with the agglutination test on 169 cattle 
and found that in general there was close agreement between the tests. The same 
results were obtained by Pagnini & Anglesio (133). 


EXPERIMENTAL IMMUNIZATION AGAINST BRUCELLA ABORTUS 
INFECTION 


(1) Laboratory animals 


Tullberg(134) injected 100 guinea-pigs with a dead culture of Br. abortus and 
8 weeks later, when the blood showed no further agglutination reaction, injected 
them with living culture; 100 unvaccinated controls were kept. After this the blood 
of both series was tested at weekly intervals. After injection the blood titre was 
found to be lower in the vaccinated animals for the first 6 weeks, but both series 
reached approximately the same level during the seventh to the ninth week. In the 
vaccinated animals there was a steady decline until, after 8 months, agglutinins had 
entirely disappeared. In the non-vaccinated animals the agglutination was still 
comparatively high after 8 months. Holth(135) reported that Br. abortus culture 
treated with antiformin (0-5—10 per cent) and formalin (0-5 per cent) failed to protect 
guinea-pigs against artificial infection. Gwatkin (136) found that multiple injections 
of immune guinea-pig serum protected guinea-pigs against Br. abortus infection by 
the mouth and eye, while unprotected controls became infected; 5 ml. of serum 
from a naturally infected cow protected only one out of four guinea-pigs. In rabbits, 
Mitchell et al.(137a) found that no protection against live culture was afforded by 
(1) subcutaneous injections of abortin, (2) intra-uterine injections of abortin, (3) sub- 
cutaneous injections of killed Br. abortus. Velu & Zottner (137+) found that living 
organisms contained in a base consisting of 75 parts vaseline and 25 parts lanolin 
will produce in rabbits an agglutination titre of 1 : 1000, as opposed to a titre of 
1 : 2000 when living bacilli in normal saline are used. 


(2) Cattle 


The possibility of immunizing cattle at an early age with a view to protecting 
them as adults was first investigated by Delez(38). Cotton, Buck & Smith(39) 
carried out a vaccination experiment against contagious abortion, using thirty-three 
calves aged from 4 to 6 months; seventeen of these were vaccinated and sixteen kept 
as controls. Nine animals were injected with an attenuated strain of Br. abortus 
and eight with a virulent strain. When the animals were later proved to be in calf, 
both vaccinated and controls were exposed to infection via the conjunctiva by in- 
stilling 3-4 drops of a virulent culture. Sixteen of the vaccinated heifers produced 
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strong calves and one a weak calf. Of the sixteen controls, seven aborted and three 
produced weak calves. The remaining six controls produced weak calves, but Br. 
abortus was isolated from the uterus and colostrum of one and from the colostrum 
only of another. It appears that although the immunity conferred by vaccination 
during calf hood is of considerable duration, it is rare for vaccine, even when prepared 
from a virulent Br. abortus strain, to remain for long in the bodies of calves as judged 
by agglutination tests of their blood sera. 

Immunization of cattle by means of avirulent Br. abortus strains and of strains 
of low virulence has been investigated. If avirulent strains are as effective as strains 
which still possess a low degree of virulence or are even reasonably efficient as 
immunizing agents, their use would obviously be preferable, not only because they 
would be expected to eliminate any evil effects resulting from the localization of the 
vaccinal infection in the udders of lactating cows, but also because their use would 
render it unnecessary to restrict vaccination to unbred stock, a feature of no little 
importance from a practical standpoint. Cotton, Buck & Smith (140, 141), after fairly 
extensive vaccination trials with strains of different virulence, concluded that strains 
of low virulence for guinea-pigs are efficient for immunizing cattle and do not localize 
in the udder. 

CONTROL 

Attempts to control contagious abortion in the field have been based on the lines 
of (a) vaccination with living or with dead Br. abortus culture, and (b) segregation 
methods involving the isolation of animals reacting to the agglutination test. It 
will be realized, of course, that the eradication of Br. abortus infection from cattle 
can only be achieved by the latter method and that the purpose of vaccination with 
living culture, if carried out on non-pregnant animals, is to immunize them against 
abortion. One of the disadvantages of this procedure, namely the localization of 
vaccine in the udder (particularly of a virulent strain) and the consequent danger 
from a public health point of view, must be emphasized. 


Vaccination 


Where vaccines have been administered in the field for the control of contagious 
abortion it is difficult to assess their real value because they have not been applied 
under satisfactorily controlled conditions. Their value, therefore, has to be assessed 
in most instances by comparing the incidence of the disease during the years before 
administration with the incidence after use—a procedure which, owing to the natural 
variations in the incidence of the disease, is unsatisfactory. 

Bang (142) states that after vaccination with live culture when properly employed, 
the number of cases of abortion is reduced considerably and that in small herds it 
may possibly lead to more rapid disappearance of the infection. In large herds it 
prevents the frequent appearance of periodic “flaring up” of abortion. Bang main- 
tains that there are no grounds for the belief that the treatment increases udder 
infection with Br. abortus and that it is not true that the vaccination of heifers 
diminishes milk secretion. He is of the opinion that the frequency of infected udders 
after vaccination depends upon the virulence of the culture used for vaccine. A cow 
with an infected udder is very resistant to new infection of the uterus. Teichmann 
& Mempel(143) carried out vaccination experiments with living culture on a large 
scale and found that the most favourable time for inoculation was 4-12 weeks after 
calving or abortion and 8-12 weeks before service. Following this procedure abortion 
resulted in 4-1 per cent of cows previously calving to time and in 7-4 per cent of 
those which had aborted. These figures were even further reduced when dead culture 
was injected at the fifth month of pregnancy. There appeared to be no advantage 
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in repeating vaccination before ensuing pregnancies. Norris(144) states that live 
abortion vaccine prepared from old cultures of the organism brings about con- 
siderable reduction in the average incidence of abortion and sterility in infected 
herds. This author injected ten in-calf heifers with cultures of low virulence and 
found that in some cases abortion occurred with subsequent udder infection, 
Caldwell et al.(145) state that by the use of living vaccine in a dairy herd for a period \ 
of 4 years the abortion rate was reduced from 26-2 to 3-4 per cent., but at the same 
time there was an increase in the number of retained placentae. When the use of 
living vaccine was discontinued a high abortion rate was experienced among pur- 
chased cattle and unvaccinated cattle bred on the farm. Kitselman (146) reports 
on the unfavourable results obtained from the use of a commercial vaccine in a beef 
herd. Schmidt(147) found that there was an increase in the abortion rate and in the 
instance of sterility following the use of living Br. abortus culture. 

Regarding the use of dead vaccine, Lornie(148) records successful results ob- 
tained in eleven herds. A preliminary inoculation of vaccine into all the breeding 
animals in the herd was followed by another dose 15 days later, after which each 
animal was treated at three succeeding stages of pregnancy, namely, at the third, 
fifth and seventh months. 


A 
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Segregation methods 


It is now clear that state regulations are being adopted in various countries for 
the control of contagious abortion. The conditions necessary for successful eradica- 
tion have been discussed by Viriden(149). Eradication of abortion by blood testing 
and segregation is chiefly applicable to herds which are wholly or largely maintained 
by home-bred stock, i.e. self-contained herds. 

Stewart & Westwater(150) describe the results obtained in a self-contained herd 
of about sixty animals which had been affected with contagious abortion for 20 years. 
All animals over 12 months old were tested monthly by the agglutination test until 
all gave negative reactions. The positive reactors were isolated and sold at the earliest 
opportunity. Additions to the herd were made by animals which had passed the 
blood test and strict hygienic precautions were taken. The disease was eliminated 
in 6 months, and after the herd had been shown to be free at two tests they were 
carried out twice each year. There were no new infections during a period of 
32 months. Fritz & Barnes(151) have controlled contagious abortion by segregation 
methods in sixteen herds during a long period. The average percentage of reactors 
was reduced from 22:6 to.about 4 after 1 year and to 0-4 after 4 years, many herds 
then being free from infection. Only one herd became reinfected and it is thought 
that reinfection was due to a bull which was showing a suspicious reaction. The 
complete breeding records of these abortion-free herds have been published and it is 
shown that the percentage of abortions due to non-specific causes is on the average 
2-3 per cent, but may be as high as 11-3 per cent in certain herds. The average 
interval between calvings for all cows and served heifers was 11-9 months and an 
average of 1-3 services was required. Birch, Milks & Gilman (152) give full details 
regarding the control of Bang’s disease in fifty herds where the period of supervision 
varied from a few months to 7 years. Of twelve herds once badly infected that were 
clean at the end of the experiment, six were cleaned by partial segregation methods, i.e. 
where only one byre was available and where reacting cows were kept entirely separate 
from the clean group during calving and for a month afterwards. Of eighteen heavily 
infected herds, in which satisfactory progress was made, twelve were under partial 
segregation. Complete segregation or sale of reactors and rapid re-tests of all clean 
animals are the measures recommended by these workers as the most certain, and 
in the long run the least expensive, for freeing herds from Bang’s disease. Partial 
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segregation was, however, surprisingly effective and the time required to free herds 
from infection is said to be dependent less on the proportionate number of reactors 
in the herd than on the amount of recent spread that has taken place. 

Schotthauer (153) records the successful application of complete segregation 
measures in a badly infected herd where 38-6 per cent of the cows initially reacted 
to the blood test. Thorp & Graham (154) could not explain the introduction of infection 
to a clean herd. No breeding animals had been added to the herd for a period of 
5 years and for 3 preceding years all the animals gave negative results to the blood 
test. One cow aborted at pasture, proved positive to the test and was immediately 
removed. Two months later the entire herd was tested and two reactors found. In 
the next 2 months, thirteen new reactors developed and monthly tests during the 
subsequent year revealed a further twenty-seven reactors. Over‘a period of 2 years 
three-fifths of the non-reacting animals of breeding age reacted to the agglutination 
test. 

While eradication of contagious abortion by segregation measures is the ideal 
procedure, there is need for further evidence regarding its practicability under 
average farm conditions and for data as to how long herds can be maintained free 
from infection. 


619.2:616-002.5 
Ill. TUBERCULOSIS 


AVIAN TUBERCULOSIS IN CATTLE 


The infectivity of Mycobacterium tuberculosis of the avian type for cattle has 
been the subject of recent investigations, and the significance of this problem will 
be well understood when, in the eradication of bovine tuberculosis by the segregation 
of those showing reactions to the tuberculin test, reactions may occur as a result 
of sensitivity due to this type. 

Confirmatory evidence regarding the existence of avian tuberculosis in bovines 
has been presented by a number of workers. Wolters & Dehmel(155) in Germany 
isolated tubercle bacilli of the avian type from mixed milk of cows which showed 
no signs of udder tuberculosis. Van Heelsbergen (156) reported on the occurrence of 
avian tuberculosis of cattle in Holland and formed the opinion that avian tubercle 
bacilli in cattle occur more frequently than is generally supposed. Plum (157) surveys 
the nature of this infection in cattle and states that tuberculin sensitivity seems to 
abate about 6-12 months after the source of infection (tuberculous fowls) has been 
removed. Minett(158) in Great Britain obtained avian tubercle bacilli from three 
calves and two adult bovines belonging to three separate herds. In four of the 
animals the organisms were isolated from the lymphatic glands of the alimentary 
tract and in one animal from the mucosa of the intestine. The strains obtained from 
the calves were highly virulent for rabbits and chickens, while the two strains from 
the adult cattle were of low virulence. Further evidence on this point has been 
contributed by Holth (159) and by Feldman & Schotthauer(160). The latter workers 
recovered from three animals, which had reacted to the tuberculin test, avian bacilli 
from tuberculous lesions in the mesenteric glands of two animals and from an abscess 
in the subcutaneous tissue in the case of the third. The authors state that these 
findings provide additional evidence that the avian form of tubercle bacillus may not 
infrequently sensitize cattle to both mammalian and avian tuberculins. 
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BovINE TUBERCLE BACILLI IN MILK 


The following recent figures regarding the incidence of bovine tubercle bacilli in 
milk have been published. Gloyne(6l) gives records of the routine examination of 
milk samples for the County of Essex. Out of a total of 1560 samples examined 
biologically, 128 (8-2 per cent) were positive, 147 gave inconclusive results (only one 
guinea-pig used). Fifty-two Grade A (T.T.) milk samples yielded two positive, and 
forty-nine Grade A samples five positive samples. An inquiry conducted by the 
Department of Health for Scotland (162) covered the examination of 1534 samples 
of raw milk consigned from farms to the four large cities in Scotland, the average 
percentage positive being 10; the average figures for each city were: Aberdeen 
9-9 per cent, Dundee 6-5 per cent, Edinburgh 11-6 per cent, Glasgow 15-4 per cent. 
When the figures are dissected in relationship to the bulking of the milk it may be 
seen that of 207 samples of raw milk in tanks of about 509 gallons capacity, seventy- 
four were positive (37-5 per cent), and that as the bulking of the milk was reduced 
the infection was correspondingly reduced. Of 329 Certified milk samples all were 
negative, and of 385 Grade A (T.T.) samples 384 were negative. Gaiger & Davies (163) 
examined 2755 samples of milk of which 286 proved positive for tubercle bacilli, 213 
being mixed samples from individual herds. Pullinger (164) examined L101 samples of 
Certified or Grade A (T.T.) milk and only one contained tubercle bacilli; of sixty- 
three raw milk samples taken from 3000-gallon rail tanks all contained tubercle 
bacilli; of 105 samples of raw mixed milk from Cheshire and taken from single 
farms twenty-two (21 per cent) contained bacilli; of 104 samples from Somerset 
only two (1-9 per cent) contained this organism. 


DIAGNosIs 
(1) By cultural and biological methods 


A number of reports have recently been published showing that primary cultures 
of the tubercle bacillus can readily be obtained (even from material with negative 
film examination) by the use of various media, of which Léwenstein’s medium is 
most commonly used. Although this work is a definite advance in the laboratory 
diagnosis of tuberculosis, care must obviously be taken that the acid-fast culture is 
really a strain of Myc. tuberculosis. Recently attempts have been made to culture 
tubercle bacilli direct from the blood using cultural methods. Using such a medium 
as the one mentioned, many workers have published results on the recovery of 
tubercle bacilli from the blood, but Wilson (165) has pointed out that errors frequently 
arise both in microscopic and cultural examinations through a failure to identify 
the nature of the acid-fast organisms isolated. It has been shown that the use of 
potassium bichromate considerably assists in recovering pure cultures of tubercle 
bacilli from contaminated material like faeces (Kikmann & Schoper (166), Schultz (167), 
Sachweh (168), and Schumann (169). 

Schiel(170) tested the value of the examination of bronchial secretion for the 
presence of tuberculosis of the lungs in cattle. Of 129 cattle which were not obviously 
affected the discharges of twenty-seven (20-9 per cent) contained tubercle bacilli 
detected either microscopically or biologically. This author considers that the 
examination of bronchial mucous is a useful test in conjunction with clinical examina- 
tion in the control of “open” tuberculosis. 

Coveney & Edington (171), with a view to expediting the detection of Myc. tubercu- 
losis in milk by the biological test, investigated the value of applying the intradermal 
test to the inoculated guinea-pigs at an early stage. Since at the time of conducting 
their experiments these authors were only able to detect infection with tuberculosis 
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in 8-5 per cent of all mixed milk samples and only about one-third of these could be 
diagnosed by the early application, i.e. at 14-16 days, of the skin test, they con- 
cluded that the result did not justify the labour involved in carrying out the test. 


Tuberculosis 





(2) Serological tests 


In the recent literature there is considerable reference to the use of the serological 
tests applied to the milk whey for the detection of bovine tuberculosis, particularly 
of the udder. Sontgen & Menck(172) applied the complement fixation test to the 
bulk milk from ten herds each of which had been shown to contain tubercle bacilli 
by the biological test. Samples of mixed quarter milk from each cow were examined 
serologically and in each herd the milk of one cow was found to give a positive 
reaction; the positive results were confirmed by post-mortem findings in the udder 
of the reacting cow. These results have been confirmed by Paarmann(l73) and 
Rautmann & Hartwigk(174), from the study of over 200 cows which were examined 
post-mortem, conclude that a complement fixation reaction of milk whey is a 
definite indication of tuberculosis, and in 38 per cent of cases this proved to be 
tuberculosis of the udder. In the opinion of these workers the complement fixation 
test for the diagnosis of udder tuberculosis may be a valuable auxiliary test but 
cannot replace clinical and bacteriological tests, especially guinea-pig inoculation. 
Rautmann (175) found that of 200 cattle whose milk gave a positive reaction to the 
complement fixation test 190 were found post-mortem to be affected with tuber- 
culosis in one organ or another, by far the most common seat of infection being the 
lung which showed lesions in 98 per cent of cases. Mattick & Christian (176) applied 
a flocculation method described by Vernes and his co-workers for the detection of 
tuberculosis in cattle. They were not able to distinguish the blood sera of normal 
animals from those reacting to the tuberculin test or from those in advanced clinical 
stages of the disease. 


(3) Allergic tests 


Further evidence regarding the value of the intradermal method which is 
now so widely used for the diagnosis of bovine tuberculosis has been contributed. 
Jordan (177, 178) has related his experiences with this test. MacEwan & Roberts(179) 
subsequently record results obtained in the application of the double intradermal 
test in a dairy herd consisting of twenty-nine cows. Ten cows which had previously 
reacted to the test were re-tested and five of these passed the test. The authors 
comment that these results showed that there was no constant correlation between 
the results of the two tests and they correspond to the anomalous results previously 
obtained when animals giving doubtful reactions had been re-tested. No evidence 
of tuberculosis was found on post-mortem examination of these five animals and 
guinea-pig inoculations with the principal lymphatic glands gave negative results. 
Commenting upon these results there appeared an editorial article in The Journal 
of Comparative Pathology and Therapeutics (180) in which the opinion was expressed 
that there are two methods that have stood the test of trial, namely the subcutaneous 
test and the original single intradermal test, and that complete reliance should not 
be placed on a single method of testing. Cuille & Chelle(is1) found that by repeated 
intradermal injections into seventeen reacting cattle no tolerance was formed to 
subsequent inoculation. The effect of one or more subcutaneous injections of tuber- 
culin on the subsequent double intradermal test was that a single or double dose did 
not prevent the development of a reaction to a subsequent intradermal test, but 
repeated inoculations at short intervals tended to produce a cutaneous desensitiza- 
tion which was well marked after the fourth injection. On the other hand the 
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majority of cattle reacted to a subcutaneous test carried out after a double intra- 
dermal test. 

Glover(182) made a comparison of the intracutaneous reactions of normal and 
tuberculous cattle to various fractions of tuberculin in an attempt to reduce the 
non-specific response and thus simplify the interpretation of the double intradermal 
test. It was found that, in so far as cattle were concerned, the various components 
of the media, viz. glycerine, veal infusion and peptone, when tested separately were 
without appreciable effect on the bovine skin, but that in the process of concentra- 
tion by heat a substance was elaborated which was responsible for the non-specific 
reaction. This factor could be partially eliminated by purification with ammonium 
sulphate and was almost completely removed by alcohol and acetone. Purified 
tuberculins were obtained by growing the organism in a modified Long’s synthetic 
medium, followed by precipitation of the tuberculo-protein with ammonium sulphate. 
They were not less potent than a standard tuberculin in tuberculous subjects, but 
induced appreciably smaller reactions in negative animals. Buxton & Glover(is3) 
compared this purified tuberculin by the intradermal method with a standard old 
tuberculin in herds which were known to be infected. The total number of animals 
tested was 915, 697 being negative to the standard and 703 to the purified tuberculin, 
while 201 gave positive reactions to both. There were discrepancies between the 
two in twenty-three instances. In negative animals the reactions to the purified 
tuberculin were uniformly smaller than to the standard. Dorset(184) compared the 
results obtained in tuberculin testing cattle with the old broth tuberculin of Koch 
and a tuberculin made in a synthetic medium. Experiments showed that three to 
four times more growth could be obtained in the synthetic medium than in the 
glycerine broth medium, and analysis proved that the proteins present in the synthetic 
culture filtrates were derived entirely from tubercle bacilli. The results of testing a 
large number of cattle with this preparation showed that it was more sensitive in 
the detection of bovine tuberculosis than broth culture. 

Other allergic diagnostic agents include “ Esotuberculin”, prepared according to 
the method of Finzi(185) and Seibert’s tuberculin-protein (T.P.T.) (186). This latter 
method depends on the growth of tubercle bacilli in Long’s synthetic medium, 
filtration, followed by precipitation with trichloracetic acid. 


IMMUNIZATION 


The extent to which the tubercle bacillus may lose its virulence during artificial 
cultivation has led to many attempts to secure a completely innocuous strain which 
would yet produce effective immunity. Many attenuated strains have been used in 
experimental work but nearly all have shown some degree of virulence for the 
guinea-pig. Though the lesions may remain localized for months, the animal finally 
succumbs with generalized disease. The same is true for bacilli which have been 
weakened by physical means, such as heat or radiation, or by chemical agents such 
as phenol, formaldehyde, halogen compound, etc. 

In recent years interest in the problem of preventive inoculation has centred 
chiefly in the avirulent strain B.C.G. (Bacille-Calmette Guerin) and later in the 
Spahlinger vaccine. 


(1) Vaccination with B.C.G. 


Certain criticisms have been raised by various authors against the use of B.C.G. 
vaccination, although other workers have failed to show that they are of importance. 
Amongst these criticisms are: (a) the possibility of the dissociation of B.C.G. in vitro 
into virulent and avirulent forms; (6) the possible enhancement of its virulence 
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during animal passage; (c) the occasional ability of unaltered strains to kill human 
beings or animals; and (d) the inadequacy of the immunity from B.C.G. vaccination. 

Before discussing experiments carried out with a view to testing the immunizing 
value of B.C.G., some of the recent work dealing with the bacteriology of the vaccine 
will be considered. It was demonstrated by Petroff(187) and Dreyer & Vollum(1ss) 
that “rough R” and “smooth S” variants of the tubercle bacillus existed and that 
the “smooth” colonies of B.C.G. may produce in the guinea-pig a fatal and trans- 
ferable form of tuberculosis. 

Van Riemsdijk (189), who examined the colonies of B.C.G. cultures on agar and 
compared them with those of normal Myc. tuberculosis, claims to have demonstrated 
a regression of the mode of growth of B.C.G. during 17 months of cultivation towards 
the type of growth of normal Myc. tuberculosis. Reed et al.(190) examined five 
cultures of B.C.G. from different sources, four of them consisting entirely of R types, 
but one culture, although consisting chiefly of R types, also contained a few S type 
colonies. Whereas the R form appeared at first to be a fixed type, observations over 
a period of 3 years showed that R to S dissociation occurred in two of the strains. 
The authors state that, although such dissociation may not occur in routine B.C.G. 
vaccine preparations, it does point to the necessity of exercising very rigid control 
over its production. Shaffer(191) quotes experiments which directly oppose these 
findings. Three cultures of B.C.G. from different sources were examined by a plating 
method enabling the study of single colonies; the primary cultures contained only 
the R form and were avirulent for guinea-pigs and rabbits. These three cultures 
contained no S virulent organisms as shown by repeated plating and animal inocu- 
lation. Neither by growth over five successive transfers on egg media on to whose 
surface various filtered normal sera had been added nor by growth over three to 
seven transfers on a modified Sauton’s medium, was it possible to induce the pro- 
duction of S forms. Sulmann (192) tried to exalt the virulence of B.C.G. by culture 
on different media, subsequently testing it by inoculation of small animals. It was 
found that the strain remained non-pathogenic if administered in minimal doses, 
but produced a typical lesion when administered in large amounts. Hedstroem (193) 
inoculated twenty-four guinea-pigs intramuscularly with 1-10 mg. B.C.G. and 
examined them for evidence of tuberculosis on slaughter 391 days after inoculation. 
Only three animals showed tuberculous lesions, one showing localized superficial 
infection, one infection in spleen and one a generalized disease. 

In small laboratory animals it has been shown by numerous workers that B.C.G. 
confers a degree of immunity sufficient to protect against small doses of virulent 
culture. Beerens(194) showed that by repeated subcutaneous injections every other 
day of 0-01 mg. of B.C.G., guinea-pigs were protected against 0-0001 mg. of a 
virulent bovine strain of tubercle bacilli. If, however, the total amount of B.C.G. 
employed was administered subcutaneously at a single injection it was found that 
the same immunity did not result. Brunzema & Kauffmann(195) found that 
B.C.G. injected subcutaneously into guinea-pigs gave a better protection against 
subsequent infection than when it was given orally. Hedstroem(193) vaccinated 
thirty guinea-pigs with B.C.G. and 4-8 weeks later infected them with virulent 
bovine tubercle bacilli, a note being made of the survival time before they died of 
tuberculosis. According to the results it was shown that the B.C.G. vaccination 
increased the time of survival by about 100 per cent as compared with the control 
group. Another experiment on four calves, two being controls, gave a similar result. 
In this case B.C.G. was inoculated 10 weeks before the infective dose. Clawson (196) 
found that B.C.G. administered subcutaneously to rabbits conferred on them a 
greater resistance to a virulent bovine strain than unvaccinated controls. 

Griffith et al.(197) carried out experiments to determine the duration of the per- 
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sistence of B.C.G. in the tissues of calves after intravenous inoculation. Six calves 
were each given 100 mg. B.C.G. One died on the fifth day as the result of the inocu- 
lation, and two were killed on the 71st and 120th days respectively after inoculation, 
Histological and cultural examinations showed that B.C.G. disappeared from the 
tissues of the calf before the fourth month following intravenous inoculation. In 
view of this result, the three remaining calves were tested for immunity by infection 
with virulent bovine bacilli administered per os. Two of the calves tested 7 and 10 
months after the administration of B.C.G. proved to be solidly immune. The third 
calf, tested after 13 months, became infected but to a less extent than control 
animals. Experiments to ascertain the duration of immunity were carried out on 
eighteen calves. These were inoculated by the author’s double intravenous method, 
two doses of 10 and 100 mg. respectively of B.C.G. at an interval of 21-25 days 
being given. Complete immunity against infection per os was shown to exist and 
persisted from 6 months to over 1 year. 

Favourable results of B.C.G. vaccination under field conditions have been re- 
ported on by Jundell & Magnusson(198) (who were able to follow up clinical obser- 
vations by post-mortem examinations of 200 cattle belonging to one herd), by 
Gerosa (199), by Hautcoeur(200) and by Tenhaeff(201). Watson (202) in Canada on the 
other hand, as the result of extensive investigations on the immunological property 
of B.C.G. concludes that, while B.C.G. confers a greater degree of relative resistance 
up to the age of puberty, there is decline and disappearance of that resistance at 
early breeding age and subsequently. Jundell & Magnusson (203) reported on the 
disappointing results of vaccinating swine with B.C.G. against experimental infection. 


(2) Spahlinger vaccine 


The Government of Northern Ireland have been making experiments designed 
to determine the value of Spahlinger’s vaccine in the prevention of tuberculosis in 
cattle. In a recent report(204) the results of an enquiry conducted between 1931 
and 1934 have been published. 

Thirty-two calves were used, aged 4-6 months. Of these calves, eighteen were 
from a tuberculin-tested herd of Aberdeen Angus-Galloway cows and fourteen from 
Grade A tuberculin-tested herds. Two of the calves were used for a preliminary 
estimation of the activity of the cultures of tubercle bacillus used for the test dose, 
leaving thirty for the experiments. Eleven were vaccinated with Spahlinger’s “new 
simplified vaccine” and seven were kept unvaccinated as controls. These eighteen 
were used in the main experiment. The remaining twelve were vaccinated with four 
other vaccines, but since in this case the groups were small, the value of the vaccines 
not regarded as certain and the results irregular, the results have not been included 
in this summary. 

The eleven calves vaccinated with the “new simplified vaccine” were divided 
into four subgroups of three or two each, which received the vaccine in different 
ways (intravenously, intramuscularly and subcutaneously) and in the subgroups 
each calf received a different sized dose of vaccine. All the eleven vaccinated calves 
and the seven unvaccinated controls were given the same dose of virulent tubercle 
bacilli intravenously 6 months after vaccination. 

The difference in the effect on the two groups was striking. Of the seven controls 
five died of acute tuberculosis within 25-73 days; the remaining two survived in 
good condition until slaughtered on the 763rd and 879th day after the test dose. 
On the other hand none of the eleven vaccinated animals died from the acute form 
of the disease, and only one died as early as the 607th day, on which date one died 
with widespread tuberculosis. The remaining ten vaccinated animals lived until 
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slaughtered on the 783rd to 890th day. Of these last, nine were in good condition 
and one in poor condition. 

All the eighteen animals were examined post-mortem, and all were found to be 
: tuberculous to a greater or less extent. One of the ten vaccinated which came to 
slaughter had a tuberculous udder. In all the thirteen animals which survived to 
l the 607th day, or longer, living tubercle bacilli were found post-mortem, except in 
) one of the vaccinated animals, in which the test for living bacilli was unsatisfactory. 
| The amount of disease and its apparent activity found post-mortem were varied, 
| 





Tuberculosis 


and the two control animals slaughtered on the 763rd and 879th days were not very 
different in this respect from the ten vaccinated, which were slaughtered between 
the 780th and 829th days. 

With regard to the immunizing value of the Spahlinger vaccine, it is only possible 
to say that the results of the above experiments are highly suggestive, but the 
following details will have to be decided before this vaccine is used under field 
conditions: (1) how long immunity lasts; (2) whether the vaccine is of sufficient 
| immunizing value to protect against natural infection; (3) how often vaccine localizes 
in the udder of the vaccinated animal. 


(3) Other vaccines 


The value of defatted tubercle bacillus “diaplyte” as a vaccine has been 
examined in a field experiment carried out in Denmark by Dreyer et al. (205). Among 
281 calves vaccinated with this vaccine and reared on a heavily infected farm in 
contact with tuberculous animals, there were only two clinical cases of tuberculosis; 
55 per cent of these calves were eventually examined post-mortem and 89 per cent 
were free from any lesions of tuberculosis. Another vaccine prepared by Friedman 
has been in use in Germany but there are no experimental results in support of its 
immunizing value. 


— SS 


ERADICATION 


At the present time it appears that bovine tuberculosis will have to be dealt 
with by segregation measures and the gradual elimination of reactors. Regarding 
the alternative method, namely vaccination with B.C.G. or other vaccines, the views 
of Douglas(206) may be cited: ‘Even assuming that vaccinated cattle remain free 
from tuberculosis it does not appear probable that B.C.G. vaccination will be 
generally adopted as a measure for the eradication of the disease except perhaps in 
badly infected herds with no facilities for the isolation of reactors or where for other 
reasons other proved methods of eradication are inapplicable”. 

Jordan (180) describes the results of a large-scale experiment conducted under the 
auspices of the Medical Research Council to determine how far the eradication of 
tuberculosis could be achieved by enlisting the co-operation of dairy farmers and 
granting them free tuberculin testing and free advice on segregation measures. For 
the experiment, which lasted 3 years, an area of about 9 square miles situated to the 
north-east of Mauchline, Ayrshire, was chosen and finally thirty herds were included. 
The method adopted was a modified form of Bang’s system. Herds were tested with 
tuberculin (intradermal method) at six monthly intervals. Reactors were isolated 
and infected stock were gradually replaced by healthy stock, the detailed measures 
varying according to individual circumstances. At the first test eight herds were 
! found to be free, but at the end of 3 years this number increased to twenty, which 
included herds having initially 26-8, 33-3, and 41-6 per cent reactors. Of the re- 
maining ten herds, eight showed considerable improvement, the percentage of 
reactors having been reduced from an average initial infection of 51-8 to 23-7 per cent 
at the end of the experiment. In two herds, the author states that no consistent 
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efforts were made to eradicate infection and in one case infection increased from 
36-9 to 54-7 per cent, whilst the other showed an increase of from 49 to 61-6 per cent. 
There was striking improvement in the general condition of herds with marked 
increase in their average valuation which more than compensated the owners for 
the small expense incurred during eradication. 

With regard to the measures taken in various countries to combat bovine tuber- 
culosis it may be stated that in Great Britain the Attested Herds Scheme of the 
Ministry of Agriculture and Fisheries introduced under the Milk Act of 1934 came 
into operation in 1935. Certificates of Attestation under this Scheme had been 
granted to fifty-eight herds in August 1935. A survey to determine the extent of 
bovine tuberculosis in U.S.A. completed on 1 May 1934, indicated that the approxi- 
mate average degree of the disease among cattle had been reduced to 1-1 per cent 
from 4 per cent in 1922. This reduction is due to intensive work on the control of 
tuberculosis with the aid of State funds. The number of Accredited herds has slightly 
increased although interest in the Scheme has lessened in certain States. In Canada 
the number of fully Accredited herds in March 1935 was 6790, while the number of 
tuberculin tests under the Accredited Herd Plan was 272,175 and 3207 reactors were 
slaughtered, and compensation was paid to the owners. 

S. J. EDWARDS 
THe Hannan Datry Researcu INSTITUTE, 
KiIRKHILL, AYR 
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